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CHAPTER 1

INTRODUCTION

1.00 Introduction:

Where do I begin? ...Every Decision Support System
(DSS) dosigncr/bui;dor must ask himgelf this queation
every time he sets out to build a support system.

This hesitation at the start of a problem is not
uncommon. All humans have experienced this dilemma
when they are faced with a complex decision. Think
about the last time one of your home appliances broke
down. How did you go about getting it fixed? How did
you go about finishing the task that was started when
the machine failed? Do you remember aill the steps you
took? What were all of the alternatives? What was
the first thing you did? 1If it happened right now what
would be the first thing to do? If you're like most
people, these questions are hard to answer and bring
back strong emotiona like frustration, hopelessness,
or fear. And yet, these are relatively simple problems;
problems that have been solved before by you or others.

Although the DSS designer is not faced with the
gsame problems or emotions, he is faced with the same
questions. Where ia the starting point? What are the
key points of the problem? This dilemma gtems from

the lack of two important aspects of the problem. Every

- . ! oy , , , A A N AR PR S R e AR R A PR g T A
LA IS AL DTN T PO XA WOy W F MO M AR S A iy it o K B o



decision maker must have 1) a clear definition of the

Py

problem and 2) an understanding of the decision making

process used to solve the problem.

S o -

e
e -

This thesis effort is an attempt to help the DSS

designer/ builder in his task of finding the starting

-
L.

point. This paper introduces a method for defining

problems and identifying the decision process. The

PR

results of this method aid the designer/ builder in

g the construction of a DSS by pointing out the key points
? or kernels of the problem where a DSS can agsist a decision
; process.

3

% 1.10 Background:

% How the human mind works is an extremely interesting
g topic that eludes complete understanding. Somehow the

; human mind takes new information and stores it. Later,

Y when faced yith a task that needs the information, the

T mind recalls it and performs various operations on

} it. These operations are known as cognitive processes.

4 These cognitive processes are used to accomplish tasks

B such as broblom solving and decision making.

g There are times when a decision maker is faced

u with complex or very diff;cult decigsions. These decisions
§ require vast amounts of data, very comﬁlax cognitive

g

X processes, or intricate sequencing of cognitive processe-
0 8. Under these conditions, the decision maker requires

M)

o

g 2
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some sortAof help. This help in making decisions comes
in the form of a decigion support system.

The DSS provides support for a particular cognitive
process when faced with a specific decision or problemn.
A DSS is "a system, manual or automated, that aids a
decision maker in the cognitive processes of judgement
and choice® (Valusek, 1988). To build a Dss; the cognitive
processes that make up the decision or problem solving:
process must be identified. This identification process
or search is otherwise known as defining or describing
the problem.

Problem definition roéuirol the identification
of the solution process as an integral part of the DSS
design. This topic is crucial to the continued developm-
ent of DSS as a viable means to help decision makers
with complex tasks. Without a clear understanding of
the problem and how the decision process works, the
DSS builder is just randomly producing aids that may
or may not be effective support for ﬁho decision maker.

Decision aids are too time consuming and expensive
to be built in a haphazard manner. A process is noodcd-
to identify the key steps in the decision process, and
suggest to the designer which elements of the problem
will benefit the decision maker most. Its result would
be a list of decision making elements that, if necessary,

can be ranked in order of most to least ihpportivo.

~ &) -.}‘\Q\]‘] ""EIJ'F::.\-‘".C. LRI \'.t ]‘-‘qh':--j 3;1\1:Er\~m



Each item on the list of decision making elements is

a potential kernel. A kernel is a key decision element

in a decision or problem solving process which is a

feasible starting point from which to build a DSS.

Once the designer has the list, he can construct
decision aids that are based on the cognitive process
and effectively support the decigion maker. Using this
approach, the decision maker receives the most effective
support that is technologically available in minimum
time and at least cost. This is a very appealing idea,
but how does a designer go about finding these decision

elements? Is there an existing procedure to follow?

1.11 Formal Training in Decision Making:

When decision makers are formally taught how to

make decisions, they are taught two things: 1) Every
problem can be approached systematically, and 2) There
are a variety of problem solution techniques that can

be applied given the right problem. The thing they

are not taught is the skill to identify and define the
problem. The lack of formal training in descriptive
decision processes is a detriment to decision makers
(Keen, 19078:62; Leavitt, 1976). Both authors agree

that too little emphasis ilvplaccd on problem finding

as opposed to problem solving. Consequently, the decigion

makers see decision making as a structured task and




concern themselves only with the content of the decigion,

and the analytical methods used (Keen, 1978:62). Browsing

I through any academic course catalog that lists decision

: making courses supports this observation. Figure 1-1

is a sampling of a course listing from the AFIT catalog

; 1985-1987.

t Omitting problem identification and definition
skills from academic curriculum is not the complete

) fault of academic institutions nor instructors. Research

y into how humans make decisions has not kept pace with

our need to understand the decigion process. Stabell

identifies the need for more research into decision

processes so DSS development could go forward. His

\ n s e ap

call is for more research into the specific methodologies

for describing the decision processes and identifying

-

criteria for improving them (Stabell, 1975).

Without being trained in problem description techniques,

a3

our decision makers go into a world full of complex,

o

3 inter- twined problems. They do not have any tools

D readily available that can give a descriptive understanding

of the problem. Thus, until they develop a sixth sense

- -

on their own, they have a difficult time answering the
starting questions. This fact i{s clearly evident to

DSS designers.

e 4 T
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OPER 526 - Quantitative Decision Making,
Credits 4
Prerequisites: None.

This is an introductory-level course in
operations research techniques. Emphasis in
the course is directed toward understanding
and application of the techniques to
managerial problem solving and decision mak-
ing rather than toward theorem derivations or
proofs. Major topics covered include linear
programming, inventory theory, queueing
theory, and decision theory.

Text: An Introduction to Management Sci-

ence, by. Anderson, Sweeney and
Williams.

OPER 563 -Linear Programming and Exten-
sions,

Credits 4

Prerequisites: None.

This is the initia] course in the open-
tions research sequence. The course begins
with a discussion of the role of quantification
and modeling in decision making and resource
mansgement and an overview of Air Force
quantitative analysis applications. The primary
types of operations research models covered
in this first course are deterministic mathemat-
ical programming models, like linear program-
ming, the transportation model, and game
theory. The strengths and wesknesses of
these operations research models are
presented and discussed in the context of
military applications.

OPER 742 - Analysis for Defense Decisions.
Creditss 3
Prerequisites: None.

This course discusses the role of analysis
in defense decisions and examines both the
limitations and capebilities of analysis in the
decision-making process. The distinctive
features of this course are its broad coverage
of analytic aids to decision-making and its
focus on the needs of the user. Specific topics
include: the need for analysis in public sector
decisions, the basic framework for analysis,
quantitative and  qualitative  methods,
acceptance, implementation, and pitfalls and
limitations of analysis.

OPER 760 -Operations Research IL
Credits 3
Prerequisites: OPER 660, MATH 592,

MATH 692

This is the second of 8 two course
sequence introducing operations research to
management students. The (wo courses
survey operations research models and
methodologies and examine the role of opera-
tions research in managerial decision making.
This second course emphasizes probabilistic
modeis and covers the topics of inventory
models. queueing models, a brief look at simu-
lation, Markov processes. and reliability
models. Examples and cases from the USAF
environment are emphasized.

Text:  Principles of Operations Research for
Management, by Budnick et al.

Pigure 1~1. Courses from AFIT Catalog 1985-87
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1.12 Descriptive Techniques:

There are several ways to describe problems. Two
of the most common are word description and visual images.
Both have advantages and disadvantages in performing
the descriptive role for problem definition. But are
these the best fbr problem description?

Using word descriptions is a lengthy, time consuming
and sometimes confusing exercise. The decision maker
must fully describe each detail of the problem so another
person can receive the correct meaning. If the problem
iz at all complex, the description may become very lengthy
and cumbersome. The comprehengion of the problem relys
heavily on the ability of the author to use the language
and organize the facts in the description. Also the
pregsentation of the information is forced into a linear
form which is not always conducive to effective learning.
However, the method is excellent in recording the smallest
details and relationships of problem elements.

Visual images include pictures, diagrams, charts,
blue- prints, etc. These are tools that depict a problem
in a concrete manner using lines, curves and shapes
to represent the elements of the problem. An image
is universally understood and therefore overcomes some
of the language barriers inherent in word descriptions.
Images are one way to enhance the learning process by

aiding the ability of the learner to recall. However,

A A 3 a8, e €y g W LI 20 I 4 - W v
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images cannot provide the intricate detail needed for
relating complete understanding of all the details in
a problem.

There is another method developed by educational
psychologists that may offer some ability to enhance
the advantages of both descriptive techniques. Concept
mapping is a combination of both word description and
visual images. It is designed to represent concepts
as they are understood by the mind. This capability
gives two main advantages. First, the mind can more
easily learn from the map. Learning is enhanced because
the map is a visual representation of the concepts and
their links to each other. The map shows the links
in the same manner as the mind links and stores the
concepts in memory. Second, there is no restriction
on the organization of the map. Information is not

locked into a linear presentation.,

1.13 The Importance of Describing Problems:

When a decision maker realizes he cannot handle
a complex problem as effectively as simpler problems,
he calls for decision support. In the past, decision
support might have been a ledger book, a wall chart,
or drawings. Today the realm of decision aids extends
into the high-tech world of computers, simulation, and

artificial intelligence (AI). But the underlying dilemma
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still faces the designer. What is the problem? What
are tho.docision processes that should be helped by
a decision aid? The only way to answer these questions
is to describe the problem. A descriptive process is
needed. |

Why is the descriptive process of decision making
so important? Keen and Scott-Morton explain it best
when they say: “Decision support requires a detailed
understanding of decision making in organizations.
A degcriptive framework provides the basis for prescript-
ive design; that is, to 'improve’ a decision process, .
one must first define and analyze it" (Keen, 1978:61).

As a means to aid the designer/decision maker in
his understanding of the problem space and description
of the decision process, this project became one of
identifying a descriptive process that supports the
identification of key decision elements or kernels,
80 that the designer produces a pertinent and effective
decision support gystem (DSS)+

/
1.20 The Problem: L oy /
Q~~ﬂow~dctr”t psSs Zosignor identify the kornol(l)A

of a problem, from the user’'s perspective, and develop
a design for a DSS from them? The problem arises because

DSS adaptive design says °‘start small and grow;. but

there are no suggestions on where to start.
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1.21 The Challenge:

Can concept mapping techniques be developed into

a user oriented tool to help identify kernels?

( 1.30 Scope:

. This thesis addresses the primary challenge by

_..}

developing the tool, concept mapping, as a means to

identify kernels in a decision process. This is a

descriptive process that defines the problem space,

describes the decision process, and identifies the key
steps of the decision process as potential kernels.
Beyond this initial challenge is the challenge of integrating
concept mapping into the adaptive design process.

This thesis effort will take the technique of concept
mapping and use it to extract the information about
a problem from the decision maker himself. The result
of this extraction should be a well defined problem
space, a sufficiently described decision process and
a means to identify the kernels. Finally, the effort
turns to integrating concept mapping into the adaptive
design process. The integration of concept mapping

into the adaptive design process is accomplished through

a process called the problem definition process (PDP). ‘;~.,«

As a means of development of the concept mapping

technique and experimentation with the PDP, several

10
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test cases of various DSSs were attempted. A few of
these test cases are reported later in chapters 5 and
8 of this paper.

Because the scope of this project is to find a
way to identify kernels, there are several associated
areas identified that were not investigated. These
areas may be the basis for further research but are
beyond the scope of this project.

The first of these areas has to do with individual
perceptions. Since different people have different
perceptions ot probl;m: and how to approach them, they
will have diff;ront details in their decision process.
Therefore, no attempt will be made to determine the
"best or optimal”® decision process. Only the “accepted
or agreed’ decision process will be found using the
concept mapping technique. Much more research into
the basic understanding of cognitive processing of the
human mind needs to be done before evaluations of the
effectiveness of processes can be accomplished.

Pursuing this idea of cognitive optimization, no
suggestions nor recommendations will be offered to the
expert about changing his cognitive procedures to optimize
his/her process. The expert ig just that; an expert.
S/he has far more experience working hig/her problem
than the analyst/designer. Therefore, any suggestions

made would be based on total supposition since no actual

11
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studies have come forth explicitly showing one cognitive
procedure as more effective than another.

A third topic not addressed by this effort is the
automation of the concept mapping technique. There
are several places where automation may be helpful to
the researcher while actually producing the concept

maps, but that is beyond the purpose of this effort.

1.40 Hypotheses:

This thesis was designed around two basgsic hypotheses
that are supported by several beliefs. Following are
the hypotheses and the beliefs. By showing each of
these beliefs to be true, the hypothesis is then assumed

to be valid.

1.41 The First Basic Hypothesis:

Concept Mapping can, in sufficient detail, represent
an individual’'s understanding of a problem and his de-
scription of the decision process in order to identify

kernels for the design of a decision support system.

A. Multiple concept maps, created on the same problem,
will have similar main concepts and key areas. This
similarity should be seen between earlier and later
maps of the same person and also among maps of different

people.

12
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B. One or more of the main concepts (key decision
elements) will be eagsily identified when comparing multiple
concept maps of the decision process. These main concepts

will be the kernels.

C. As expert’'s perceptions change over time, unimpor-
tant igsues will drop from the problem space. Thus,
the key deciszion elements in a problem will repeat and

be identified when compared with previous maps.

D. Concept maps are simpler to read because they
present the information in the same manner that man
stores information in his mind. This concept makes
it easier for others to achieve the same understanding

as the expert who originated the map.

E. No two people will construct identical maps on
the same problem space, nor will the same person repeat
identical maps after a significant period of time.

But, identical key decision elements from the decision
process will be repeated. This will lead the designer
to give more credence to those elements as kernels than

others.

13
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3 1.42 The Second Basic Hypothesis:

N An explicit problem definition, which includes
. a thorough definition of the problem space and a complete
$

detailed description of the decision process involved

& n

N in the solution of the problem, is essential to the

| effective design process of decision support systems.

¢ A. Kernels can be identified only after the designer

) has explicitly defined the problem.

! B. All problems contain elements of a decision process

$ that traverse the entire spectrum of °“structuredness”.
8

{ This means that some steps are highly structured while
e'l

e others are not. (Keen and Scott-Morton) (Simon)

"

L)

0

vy,

o) 1.50 General Approach:

To meet the challenges, this thesis divides into

) several goals which outline the approach taken to solve
U

:‘ the problem of kernel identification. The first goal

L)

is to develop a tool for relaying understanding between
W individuals. With a tool of this nature, a DSS designer
14 could extract an expert’'s understanding of the problem
and how he goes about solving it. The tool selected
R in this project is a technique from the field of educa-

“ tion called Concept Mapping. Concept Mapping has been

shown to be an effective teaching tool for relating

14
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K new conccbtl and their meanings to students. By slightly

altering the process used by education, the concepts
and meanings about a problem can be extracted from an
5 expert by the designer. With this technique an expert's

o understanding of a problem and his description of the

N decision process can be captured. See chapters 3 and

K0

B 4 for further discussion and explanation.

()

)

A\l The second goal was to develop the method of explicit

probloﬁ definition. That iz to say, what are the steps
iy in extracting the information from the expert? Fully
describing or understanding the problem requires two
? distinct steps. The first step is to cloaily and concigely
define the problem space based on the user’'s perception.
Once the problem is defined, the second step is to identify
? the key elements from the user’'s description of the
} decision process. Include all the k,y decision steps
that are identified as potential kernels.

Once the problem is described or explicitly defined,
Y the designer can then complete the challenge of this
thesis and identify the kernel(s). Therefore, the third

goal was to ghow that the concept mapping of the problem

i'

; definition and decision process does help identify the

: kernels of the problem.

3 The fourth goal was to recommend to the DSS designer
:3 how he can incorporate the steps and tools above into

; the adaptive design process. Adaptive design is a process
:
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that aida a designer in explicitly defining a DSS. In
other words, adaptive design finds a simple method or
procedure that a DSS designer can use to describe the
problem and design the system. Chapter 5 explains in
detail the PDP that is proposed.

As a means to complete the goals above and verify
the hypotheses, two types of test cases were used.
Since the main emphasis of the effort was to identify
the kernels for the design of a DSS, the majority of
the applications of concept mapping were on DSS projects
for classes and thesis requirements. To test the applic-
ability of concept mapping in a larger problem domain,
a second type of test case wag chosen. Concept mapping
was applied to the definition and decision process of

Rapid Application of Air Power (RAAP).

1.60 Sequence of Presentation:

Each of the remaining chapters were designed to

present the findings, procedures and accomplishments

of this thesis effort.

Chapter 2 explores the decision maker’'s world.

It explains the reason a decision maker needs the skill
of a descriptive process as the main goal of the chapter.
Chapter 3 laya the ground work of theory behind

concept mapping. It introduces the current theories

of storing knowledge in the human mind and introduces
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Ausubel’'s theories of educating.

Chapter 4 describes the concept mapping tool.

It explains what it is and how you can use it. A lesson °
plan is presented that will teach the reader how to
use concept mapping.

Chapter S explains the proposed PDP. Although
each step is explained, the main emphasis is on the
role concept mapping plays in the process.

Chapter 8 documents the seven DSS projects where
concept mapping was used. There are several examples
0f maps and kernels that were found by the designers.
Some comments by the DSS designers about concept mapping
and the process are listed.

Chapter 7 documents the use ot concept mapping
on RAAP. A very large unstructured problem was mapped
using several experts. Concept maps are shown which
depict the expert’'s understanding of the concept of
Rapid Application of Air Power. The results of the
mapping and the final recommendations show that concept
mapping can be useful in very large problem gpaces as
a tool for planning and designing large systems.

Finally chapter 8 concludes the paper with a gsummary
of findings about the concept mapping technique as well
as the summary of results from the problem definition
experiments. Recommendations for future research and

the conclusion are 1nc1ud0d.
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by Chapter 2

B The World of the Decision Maker
0

w 2.00 Introduction:

13

'l

t

it This chapter focuses on the abstract problem solving

world of the decision maker and that environment in

(to

g which s/he operates. The rest of this discussion concen-

> trates on achieving a better understanding of the conceptual
‘1 environment and explaining some of the terminology used

33 in the remainder of this paper.

A

b

e

2.10 The Decision Maker's Environment:

A

Conscious human thought resides in a conceptual
=~ environment of memory, cognitive processes, affective

reflections, and behavioral responses. These factors

" of the environment interact to sustain thought just
'a like air, light, water and earth interact to sustain
;{ life. Within this environment, the human mind combines
fﬁ these factors in the intricate process of decision making.
vb All humans continuocusly make decisions. However
i: the range and complexity of the decision spans from
:W basic daily decisions of 'when to eat' to abstract problems
,; like 'solving Maxwell's equations'. The mind performs
g these feats by accomplishing complex cognitive tasks
ﬁ like data collection, situation awareness, alternative
'ﬂ generation, evaluation, judgement, choice, etc.
2
. 18
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2.11 Problem Domain - Problem Space:

There are three key terms that need to be understood
by anyone invoivod in defining a problem and identifying
the kernels of the decision process. The first term
is Problem Domain. The problem domain is a sphere of
understanding or range of problems associated with a
specific field. For example, aircraft maintoncnéo.
flight take-off, and crew training schedules are in
the problem domain of scheduling.

The second key term is Problem Space. The problem
space is a conceptual area within the problem domain
that is defined and bound by the factors of the problem.
The bounds on.tho problem come f{rom factor limitations.
Factors reach their limits when they no longer pertain
to the specific problem at hand.

The definitions of these two terms falsely lead
one to believe that there exists explicit delineation
between problem domains and spaces. Quite the contrary
igs true. Problems are not delineated and are not easily
identified. The natural camouflage created by the lack
of delineation and differentiation can be seen in the
way information is communicated to the decision maker.

Problems are not presented to decision makers in
nice, neat, easy to understand forms.l They are hidden
in the day-to-day noise of communication. Every decision

maker sends and receives thousands of pieces of information

19
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daily, involving a variety of past and future decisions.
The decision nsk;r must be constantly alert to the existences
of a possible problem that would require a decision
to be made. To help him/her identify any possible problems,
the decision maker must install and implement a variety
of sensors and control mechanisms. Each of these systems
helps keep him/her informed of the status of the organiz-
ation.

Concurrent with the sensing and control process,
the decision maker must also be creative. S/He must
search out and evaluate new alternatives to recurring
docflionl. They must learn to look at old problems
in new ways and generate different alternatives for
enhancement of the decisgion process. Along with the
constant vigilance for new alternatives, the decision
maker must also be searching for new ways to make decisions.
Technology as well as perception changes very rapidly.
New ways to look at a problem may be exploited by the
new technology. Thus the decision makers must remain
alert to take advantage of these opportunities.

These are the key functions and actions of a person
performing the complex cognitive tasks of decision making.
Since sensing, control and creativity are functions

of the decision maker, what then is Decision Making?

20
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2.12 Definition of Decision Making:

Thiro are many variations on the definition of
decision making. Here are three that are commonly seen
in the literature: 1) Decision making is a process
that produces a product called a ’‘decision’. 2) Decision
making is an irreversible commitment 0of resources.

3) Decision making is "a course of action consciously
chosen from available alternatives for the purpose of
achieving a desired result. Thus a decision is 1) a
choice, 2) the result of conscious mental activity,

and 3) directed toward a purpose’ (Massie, 1981:170).

Another way to define decision making is to look
at how the decision maker ‘'models’ the problem. ‘At
a minimum, complex decision making involves searching
for information about the current and desired state
of affairs, inventing possible courses of action, and
exploring the impact of each possible course of action.
All decision making involves predicting the likely con-
sequences of docllionl; which suggests that the decision
maker have a 'model’ of the problem sgituation being

faced’ (Brennan, 1985:130).

2.13 The Fog of Decision Making:

The environment of the decision maker is clouded
by several factors regarding the understanding of cognitive

activities within the mind. These factors cause knowledge

21
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R about the decision making process and the environment

that it resides in to be obscured.

N 1) Quantity of factors:

Many decisions seem to be simple at first glance
merely because the maker fails to comprehend the number
g of factors that affect the situ;tioﬁ. For example,

o any scheduling problem is initially considered a relatively
N simple assignment of one resource against another.

However, the assignment process must take into account
factors that are not prevalent at the surface. Factors.
such as the variable rate of production, worker unavail-
ability, and demand changes are all affecting the final

Py schedule. ‘Confusion is not uncommon or unhealthy at

this stage; however, the decision maker cannot consider

all the facts and must develop a selective approach

Pl

for keeping the most important and relevant facts in

&

mind® (Massie, 1981:172). The decision maker copes

a a

with this confusion by concentrating on the key aspects

-

of the decision at hand.

2) Lack of Judging Probabilities Under Pressure:

s LG LA

Decision makers are consistently required to estimate

the probability of factor results within a decision

environment. Two examples of questions that require

the decision maker to estimate a variable are: How

o ]
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much conduit is needed for a building under construction?
What are the best lengths of conduit? In both of these
questions, decision estimates of the total length of
conduit as well as the amount of waste depend on the
performance of the workers. The decision maker must
estimate the ability of the workers. This kind of decision
is usually accompanied by some stress. In this example

the stress is to complete the building on time, within

.code, and within costs. Are people good natural decision

makérs? There is now considerable evidence that they

are not.

The major advance in descriptive research
over the last five years has been the discovery
that people systematically violate the principles
of rational decision making when judging probabi-
lities, making predictions, or otherwise attempting
to cope with probabilistic tasks. Biases
in judgments of uncertain events are often
large and difficult to eliminate. The source
of these biases can be traced to various heuristics
or mental strategies that people use t0 process
information. In the final discussion a strong
case is made that judgmental biases affect
important decisions in the real world. (Howard,
1980:9)

3) Human's inability to describe the process:
Understanding how people make decisions is essentially
‘explaining how people manage to cope with the demands

of an environment, the complexity of which far exceeds

the range of possible human responses’ (Hogarth, no-date:6).

Thus, the environment is clouded by the inability of

23
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humans to describe their cognitive processes and ways

of thinking.

4) Complex Combinations of Processes used:

Another factor that clouds the understanding of decision
making deals with the ability to identify the combination
of simple processes used to solve the problem. Hogarth
believes that the human mind has only a limited number
of strategies or principles for making decisions. Often
these strategies are used in complex combinations.

This combining of simple strategies requires a DSS designer
to infer the combination and the environment that existed
when the combinations were created. This inferencing
process is not a simple task. Without the understanding

of the relationships describing the combinations, no

understanding of the decision process would be possible.

2.20 Educating Decision Makers:

Most formal presentations attempting to teach decision
making set the decision maker down in a classroom and
teach him/her “how to solve problems”. But does s/he
learn to solve problems or do they really learn to apply
the current solution technique to a given set of sifted
data?

Throughout the entire range of curriculum dealing

with problem solving, student decigion makers are given
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the encapsulated problem, which is fully defined and
seldom, if at all, contains extraneous information.
The emphasis is placed on the mathematical procedures
or algorithms used to help the decision maker in differ-
sntiating between alternatives (i.e. the choice process).
This practice of problem simplification is not unique
to any course of study. Mathematics, management, engineering
and the physical sciences follow the same teaching method.
Students are very well prepared to handle these encapsulated
problems, but the true state of the world is not this
well defined or structured.

Students of decision making @ust attain the skills
of defining the problem space and identifying the kernels
of the decision process. As Massie and Douglas put
it, this is the 'Art of decision making'. Unfortunately,
this process of defining the problem and identifying
the decision process has not been addressed by management
teachings. ‘A serious weakness of the whole study of
management has been ignorance of, or lack of interesat
in, how decisions are made. A descriptive understanding
of the probdlem-solving process is absolutely essential
for decision support.” (Keen, 1978:18)

There is an entire class of problem, similar to
the encapsulated problems that are referred to as 'automatic
choice’. The stimulus that initiates the response is

80 well learned that no conscious thought is given.
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In other words, the problem was previously solved, the
solution documented in detail and the required actions
written down for anyone to use. The response to a certain
set of events or stimuli causes an immediate response

by the decision maker. Many jobs are like this. Factory
assembly lines operate machines by using a sequence

of checklist actions. The worker just reacts to the
stimuli, movement of the line, with the appropriate
actions.

This thesis does not debate nor recommend changing
the educational philosophy of the world but merely points
out the fact that very few teachers teach the art of
problem definition. Other authors have also voiced
this concern (Keen, 1978; Leavitt, 1978; Stabel, 19795).
Why isn't the art of problem definition taught? Teachers
surol} see the need for problem definition skills.

It is the contention of this author that there is no
suggested method or procedure available for students’
use.

Teachers know every student will face a world of
complox.'ontcnglod problems. Thus, it would be foolish
to hold back a process that sorts out and delineates
boundaries and highligﬁtl intersections between various
problem spaces. Consequently, the onlé answer is that
& process of accomplishing problem definition does not

exist.
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2.30 The Decision Making Process:

"Few people like problems. Hence the natural tendency

in problem solving is to pick the first solution that
comes to mind and run with it. The disadvantage of
this approach is that you may run either off a cliff
;r into a worse problem than you started with. A better
strategy in solving problems is to select the most attractive
path f{rom many ideas, or concepts” (Adams, 1986:ix).
Adams’' observation tells us that humans tend to
be lazy in making decisions, and, as a result, fail
to solve the problem. Adams does recommend a sgolution
to this dilemma, and that is to approach decision making
with a strategy.
The main strategy undertaken by most decision makers
would be to look upon decision making as a process.
Cohen describes the decision making process as congisting
of a specific set of cognitive tasks. Figure 2-1 depicts
the arrangement of the key cognitive tasks in Cohen's
decision process. °First, goals or objectives must
be known or identified; if these are not present, then
there is no motivation to decide or act” (Cohen, 1985:12;.
In this representation of a decision making process,

Cohen recognizes two inherent facts. Firat, there is

no specific ordering of the cognitive tasks. Tasks
are performed in a variety of sequences based on the

decision maker and the environment. Second, the process
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of deciding is an iterative process among the tasks.
No task is ever completely finished during the decision

process.

ldengification Slituation Opt loa
of Objectives Assessaent Ganerac fon Cheice
Assimilate Infer Assese lafer co-,ornn Assevs Assess Select
Svidence Conclusions Qualicy of Nigher-lavel Punsible Uncertainty Values or Reject
trom Contlusions Conciusions Outcomas of Uutcomus of Outcomes Opt tons
Evidence ete. of Optlens

Figure 2-1. Potential cognitive subtasks in the
decision-making process.

2.31 The Systematic Approach:
Lt Col Robinson pointed out in TACT 6.70, Systems

Analysis and Defense Planning, that "Operations research

may be defined as the application of scientific methods

and techniques to decision making problems® (Robinson,
1987:1). The scientific methods are simply "“logical
approaches to the solution of problems which lend themselves
to investigation® (Metcalfe, 1966:3). Thus, the curriculum,
whose sole purpose is to support decision making, puts

forth the belief that a decision maker should approach

a problem in a systematic procegs. Searching the literature
one finds as many variations in the ateps of problem
solving as there are authors. Figure 2-2 shows sgseveral

authors’' recommended steps in the process .f analysis.
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Anderson Massie

l. Problem definition l. Understand the gituation
2. Model development 2. Diagnose and define
3. Data preparation the problem
4. Model solution 3. Find alternatives
5. Report generation 4. Select action

(Anderson, 1976:5) § Secure acceptance of

decision
(Massie, 1981:171)

Quade Robinsgon
1 Formulation Formulate the problem

2. Search
3. Evaluation

Model the system
Select a gsolution technique
4. Interpretation Solve the problem
5. Verification Eatablish controls over
(Quade, 1977:33) the solution
Implement the solution
(Robinson, 1987:1)

Qe AN -

o}

FIGURE 2-2. A Variety of Algorithms for Decision Making
by Author.

2.32 The Need for Problem Identification:

The most interesting thing about all of these processes
is the fact that they all start with the same step.
Every author recognizes the importance of understanding
the problem before applying solution techniques. A
clear and concise definition of the specific problem
of interest is an essential first step on any operations
regsearch or quantitative analysis study” (Anderson, )
1976:8). Quade and Boucher admit that °“formulation
is the most important stage” (Quade, 1977:35). The
importance is again emphasized in their summary of systems
analysis. The first recommendation is to “pay attention

to problem formulation® (Quade, 1977:419). Adams proclaims

‘proper problem identification is of extreme importance
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in problem solving. If the problem is not properly
isolated, it will not be properly solved" (Adams, 1986:22).
This proclamation was based on the fact that information
is either inadequate or misleading.

Massie and Douglas also support the need for problem
identification by calling for an explicit statement
of the problem. “Since it is impossible to weigh ail
the facts, the manager must develop a means of sifting
out the relevant ones (figure 2-3). In the classification
of{ these facts, one can ﬁhen define the problem. The
more completely the problem can be stated, the easier

the other steps will be’ (Massie, 1981:173).

Rviod traditional response

I

Liaiting Factors

Diagnose
and

Define Setacled]

Problem Lo omd

—_—
_ Relevance

e
~~_Liaits’

™~~~

1
.
e . -

]
.Syaptoas
feassessaent I

‘ Figure 2-3. Inputs to diagnosing and defining the problen.
(Massiey 1981:173)

To achieve the understanding of the required decision

process and criteria, the problem must be fully defined.
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% ‘In a 'well formed problem’ we know the initial state,
% the goal state, and the operators. From these, we can
I

« systematically generate all the intermediate states,

" and hence we can theoretically develop a 'map’ of the

i entire problem space (Harmon and King, 1985:28).°

The field of OR presents hundreds of text books

and articles depicting detailed algorithms on how to

i W 4

solve problems. Unfortunately this author has not found
any algorithms on suggested problem definition or problem
diagnosis procedures. Yet, every text or article dealing

with the process of analysis lists the 'problem formulation’,

< 'problem definition’, or ’'problem diagnosis’' as the
- first step.
oY
5_
% 2.33 The Art of Problem Definition:
3 If it is a3 important as Anderson, Quade and others
o
believe, why then has it been 320 hard to develop a procedure
K s

of problem definition? Massie and Douglas put forth
y the argument that problem diagnosis is an art. They
)

give the example of a patient going to the doctor with

! a stomach ache. The doctor just doesn’'t record stomach
k)
3 ache. He performs an examination to find the cause

of the ache. Once the cause is found, he prescribes
N the approved treatment for the cure. The same is true
) of the decision maker. He/she must not be distracted

with just the symptoms but search further to find the
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cause. This is the art.

‘The diagnosis and definition of the problem is
a recurring process. Reassessment and reconsideration
of the issues help keep the decision-making process
realistic and in touch with a changing set of conditions’
(Massie, 1981:173). Thus, what we need as decision
makers is an art lesson and the tools to perform the
art. Like a painter, the decision maker must learn

to use the tools that spread the paint. Then he must

‘practice and develop insight to make the canvas come

alive with a correct problem formulation.

2.34 DSS _and Problem Definition:

Not only is this chapter concerned with the manual
process of decigion making but the automated support
for the human as well. These decision support systems
require even more explicit problem definitions because
®f the need to design the system. °Decision support
requires a detailed understanding of decision making
in organizations. A descriptive framework provides
the basis for prescriptive design; that is, to 'improve’
a decision process, one must first define and analyze
it° (Keen, 1978:81).

Based on this need for problem identification,

a process for performing the task must be developed.

The process must be simple, flexible and easily applied
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to any problem space or domain.

2.3% Requirements for a Capturing Process:

To capture the factors of a problem so that its
problem space can be identified, described, and bounded
calls for a diagnosis. This ALagnOlil must discover
several facts about the problem so that the remainder
of the decision process is enhanced.

Massie and Douglas describe a good diagnosis as
one which has both “the reasons leading up to the need
for a decision and obstacles standing in the way of
achieving the objectives. A diagnosis consists of a
search for symptoms. The search must be based on a
clear recognition of the desired results, the obstacles
faced, and the limits within which a solution must fall’
(Massie, 1981:173).

Another way to describe the problem space is to

define it in three dimengions. Bartee describes the

problem solving space by looking at the problem taxonomy,

problem solving modes, and problem process. The problem
space is sketched with regard to personalization, col-
laboration, institutionalization, and socialization.

These are the ways Bartee sees the decision maker developing
the ability to solve problems. Kiss judges from his
observations that ‘we are now between the second and

third phases. Where we use conceptual frames for pre-
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scriptive types of problem solving, combined with experi-
ences, but involving some behavioral aspects’ (Edward;.
1984:14-15%)

Just as the other steps of the decision process
are iterative and recurring, so is the diagnosis or
problem definition step. As the decision maker progresses
through the sequence of steps to produce the decision,
s/he mugst continually reassess and reconsider the issues
of the problem. This reassessment keeps the decision
process °‘realistic and in touch with a changing set
of conditions® (Massie, 1981:173).

Based on this need for problem identification,
a process for performing the task must be developed.

The process must be simple, flexible and easily applied

to any problen.

2.36 Conceptualization:

Of all the cognitive processes mentioned and discussed
in this chapter, the key to understanding how a capturing
process would work is conceptualization.

Conceptualization, or the process by which one
has ideas, is the decision maker's ability to create
concepts in the mind and link them together into a framework
of understanding. “This process is a key one in problem
gsolving, since the more creative concepts you have to

choose from, the better’ (Adams, 1986:7).
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Conceptualization is not monolithic, but has many
and varied 'levels of conceptualization’. Each level
contains a set of linked concepts. Each set of concepts
is a layer that can and does have links to other layers.
The layers at the top levels are very abdbstract and free.
These levels of conceptualization may address a variety
of problem spaces and even range across several domains.
The lower the level of conceptualization, the greater
the increase in detail and the more focus applied to
the problem space. The level 0of conceptualization becomes
more explicit and resides with the tiniest details of

a problem space.

2.40 dood Decisions:

If a decision maker understands the levels of conceptual-
ization inherent in the prodblem and completes an explicit
diagnosis of the problem space, then a °'good decision’
is more likely. “A good decision depends upon the maker's
being consciously aware of the factors that set the
stage for the decision® (Massie, 1981:171).

Nothing is more elusive than the evaluation of
a decision as to its quality. What is meant by a ’'good
decision’? 1Is a good decision different than a good
outcome? If so how?

Before delving into problem definition process,

a short detour discussion of ’'good decision’ is necessary.
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This detour will offer a definition of ’'good decision’
80 that the decision maker knows what to strive for
in the decision making process.

The first definition comes from the field of decision
analysis. “A good decision is one based on the information,
values and preferences of a decision maker. A good
outcome is one that is favorably regarded by a decision
maker" (Matheson, 1968:24). Although a decision maker
has no control over the final outcome, he does have
control over the decision. Therefore as Howard puts
it °...making a good decision is only doing the best
we can to increase the chances of a good outcome® (Howard,
1973:63).

Based on this discussion, a 'good decision’ is
one where the decision maker tries to obtain the desgsired
outcome using the most effective and efficient means
available. S/he does this by identifying the possible
outcomes, and then using all the tools available to
act in a way that increases the chance for the desired
result. These acts and their sequence then is a 'good
decision’.

A decision maker’'s problems are not trivial. All
complex problems require some form of human judgement
and cognitive processing. The human needs support when
s/he is overwhelmed by the requirements of the decision

task. A decision maker is vulnerable to a decision
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task when the rate at which s/he must do the task exceeds
his/her capacity, or his/her ability to think is insufficient
to the task at hand. These are the problems where any
decision maker needs help. These are the gituations

which call for decision support.

2.%50 Decision Support Systems:

Because decision makers do become overwhelmed by
their decision task, they need some type of help or
support. Decision support systems offer a means to
aid the decision maker. ‘Decision support implies the
ugse of computer hardware and software to:

1] Asgist managers in their decision process
in semi-gtructured tasks.

2] Support, rather than replace, managerial
Judgement.

3] Improve the effectiveness of decisionmaking
rather than its efficiency.’

(Keen, 1978:1)

However, the use of a computer is not absolutely necessary

for the system to be classified as a DSS (Keen, 1978:58).

2.51 Value of DSS:

For a system to be a real value to the decision
maker it must provide him/her with effective support.
The design of the system must reflect an understanding
of the management decision process. The manager, on
the other hand, must clearly recognize the criteria

for developing the aid and power of the resulting output.
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‘Perhaps the most practical aspect of the DSS approach
is that it allows managers to initiate, design, and
control the implementation of a system. That is, a
DSS is built around a decisionmaking task and while
the technical issues may be extremely complex, the main

focus is managerial’ (Keen, 1978:13).

2.52 Eftficiency vs Effectiveness:

Since every human strives for the highest success
possible, he’'ll search for the best decision possible.
This search for the best decision will soon become a
trade-off between efficient and effective decision making.
These two terms become essential in understanding what
a DSS is to provide to the decision maker. ‘Efficiency
is performing a given task as well asg possible in relation
to some predefined porforﬁanco criterion. Effectiveness
involves identifying what should be done and ensuring
that the chosen criterion is the relevant one." (Keen,
1978:7)

In providing support to a decision maker, trade-offs
may have to take place. A decision maﬁor does not have
the time for all possible alternatives to be enumerated
and evaluated in light of their effects on the outcome.
The decision maker is constrained by time, money and
the ability to comprehend. The support system must

also be efficient in the presentation of the information.
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N The aid should concentrate on the most pertinent information
. and present it in a clear concise manner that will not

I interfere with the decision maker'’'s cognitive proces-

ﬁ segs. ‘Defining effectiveness requires a detailed under-

' standing of the variables that affect performance’ (Keen,

A 1978:10).

v 2.53 Perceptions Inherited by the DSS:

?‘ Keen and Scott-Morton go on to claim that the key

;h question for anyone building a DSS is: 'What specific

. decision or decision process are we trying to support?’

F When building a DSS, the designer must realize the

)

i decision is not static but constantly changing. His

= perception of the problem and the values s/he places

? on the various outcomes continually change over time.

M Thus the decision maker is facing a complex problem

f: that cannot be fully automated nor reduced to an automatic
L choice. “This perspective requires the development

; of methodological tools to examine the key decisions

M' of managers and to define the information that can or

5 should be made available to them. It suggests that

. for a manager’'s information system, one should start

; from his/her decision making activities and mesh the

; system into the user’'s problem and needs (Keen, 1978:5%58).°
i Scott- Morton recognizes that all managerial decisions
a have two parts involved in the task. By evaluating

b
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the task we should identify the key decisions it involves,
and then 1dentify the parts of the process that seem
structured and which require human judgement (Keen,

1978:11) .

2.54 Concept Mapping:

In this thesis effort a new tool for the decisgion
maker is presented. It is designed to meet the requirements
for capturing the problem space. By identifying the
key factors and ideas of a problem space and representing
their relationships to each other, the problem will
be identified and described by a map of the concepts.

The individual elements or tasks used in making a decigion
will be identified and defined by repeatedly mapping
the user’'s or users' preception of the decision process.

This tool is concept mapping (CM). CM is taken
f{rom the cognitive theory of education. ‘Concept maps
work to make clearly evident to both students and teachers
the small number of key ideas they must focus upon for
any specific learning task® (Gowin, 1982:II-2). Used
in this context, concept mapping becomes a °“technique
for externalizing concepts and propositions” (Gowin,

1982: 1II-3).

Concept Mapping is proposed to help the decision

maker better understand the problem and limit the problem

space. It is a communication tool that helps decision
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makers depict relationships between concepts and lend
agreement to thcse relationships. Thus, a decisgion
maker can fully map out his perception of a problem

and view it in a variety of ways. However, the greatest
power of this tool lies in human inconsistencies and
variable perceptions. As the decision maker works on

a problem, time and changes in the environment help

to change his perceptions. 1If he has used the tool

and made his maps, he can review them and see changes
and congistencies in perception. This comparison of
maps (overlaying) is expected to greatly aid the decision

maker in problem diagnosis.

2.55 The Problem Definition Process:

Just introducing concept mapping as a tool for
decision makers ia not enough. The tool and its use
must be shown to the decision maker as an integral part
of a process. This process establishes limita on a
problem space and defines the problem explicitly. The
application of concept mapping is tied to an entire
problem dofinitio; process. This procesgs is not to
be taken as the only possible process of problem definition
but is an approach to help lend structure for a completely
unstructured arena. The direct application of ého problem
definition process will be demonstrated best in the

adaptive design of decision support systems. (chapter-5.)
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2.50 Why is it important to know and define the Kernel?:

As mentioned earlier, DSS requires an explicit
definition of the problem and the decision process that
solves that problem. Without the information there
is no basis for the design and no method of determining
the effectiveness of the system.

The kernel is a key decision element within the
decision process. 1t provides a starting point for
design of the DSS. 1Its discovery is based on the ability
of the designer to identify it among the many other
concepts and possible kernels, and the current perception
of.tho designer as he searches the decision process.

Given more than one kernel available in a decision
process, an evaluation of which kernel to use in the
design of the DSS can be made. The kernels can be compared
based on a variety of constraints. The most common
constraints are technology, cost, time to develop, the
designer’'s expertise and the user’'s perspective. |

Once the kernel is chosen for the DSS, the impact
on the final produc* is as important ag laying the corner-
stone of a building. Changes can be made during the
development, but the direction and emphasis is set.

For this reason alone, the discovery of the most appro-
priate kernel of a decigion process is paramount for

the DSS’'s success.
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2.060 Conclusion:

This chapter has introduced the world of the decisgion :
t maker in terms of the environment and the requirements :
s/he has for defining a problem and identifying the

kernels of a decision process.

The remainder of this paper’s purpose iz two-fold.
First, it brings greater understanding to these cognitive
processes of problem definition and kernel identification.

R
Second, it introduces, demonstrates and evaluates a
tool and procedure that aid these cognitive processes. ¥
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Yy Chapter 3

Concept Mapping

g 3.00 Introduction:

v This chapter explains concept mapping through a

g : gseries of discussions. The first set discusses four

:‘ topics which describe and contrast a variety of cognitive
! modeling schemes. The first topic defines concept mapping
E according to ita educational derivation. The gecond

: topic is an overview of the various cognitive knowledge

: representation modela. The third topic explores the

ﬁ differences between the goals, purposes and abilities

; of the models. Finally, key definitions of concept

mapping are presented as it applies to the problem definition

process.

A Ay Ay A A A

The theoretical bazis gupporting concept mapping

is briefly introduced in the second set of discusgions.

A

. -
a8 r A

Three theories are presented which give ingight into

E' the mind's function. These theories are then supported
Y by a series of obsgservations and views taken from various
A researchers and their findings. Finally, a summary

of justifications for concept mapping is offered.

3.10 What is Concept Mapping?

This discussion overviews several topics. The

first topic is a description of the concept map as seen
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and developed by educational resgsearchers. The second
digscussion reviews the various knowledge representation
systema. Finally, the information presented is summarized
and a combined definition of concept mapping is offered.
This final definition of concept mapping is from the

view point of applying concept mapping to the realm

of problem definition.

3.11 Concept Maps - Educational Derivation:

A concept map iz two or more concepts that are )
linked to each other depicting a meaningful relationship.
Concepts are objects or events which are asaigned a
semantic label. Dog, chair, and raining are all examples
of concepta. The linking words are generally the verbs,
but adjectives, adverbs, prepositiona, and sometimes
noung can also link concepts in meaningful ways. When
a map is drawn showing its relationships, the result
is a schematic device that represents a set of concept
meanings embedded in a framework of proposgitions (Gowin,

1982:2.1).

“Concept maps are intended to represent meaningful

relationships between concepts in the form of propositions.

Propositions are two or more concept labels linked by
words in a semantic unit. In its simplesat form, a concept
map would be just two concepts connected by a ’'linking

word' and forming a proposition.” (Gowin, 1982:2.1)
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Concept maps are very succesgsful in providing three
benefits to the user. These benefits are 1) identifica-
tion of the small number of key ideas within a subject,

2) a visual road map showing the conceptual journey,

and 3) a schematic summary of the cognitive domain

of interest. These are powerful tools that aid a user

in translating understanding of a subject to another.
Concept maps are also very informative in their

design. As they are constructed, a hierarchy is set

up among the concepts. This hierarchy is depopdent

only upon the builder’'s understanding or meanings that

8/he wants to show in the relationships of the concepts.

Based on this hierarchy, the embedded meaning of the

relationships and the arrangement of the concepts give

a specific meaning to the subject matter or domain.

One way to look at this function of concept maps is

to look at the way a subject matter is organized for

teaching. "Since meaningful learning proceeds most

eagsily when new concepts or concept meanings are subsumed

under broader more inclusive concepts, concept maps

should be hierarchical. The more general, more inclusive

concepts should be at the top of the map, with progressively

more specific, less inclusive concepts arranged subord-

inately” (Gowin, 1982:2.2). Figure 3-1 shows a represent-

ative concept map. This map show the meaning relationships

between each of the concepts as well as the hierarchical
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2 relationship.

One more very important function of concept maps

¥

: is their fiexibility. Depending on the user’'s view

)

) of the concepts and their relationships the superordinate-
)

subordinate relationships will change. Concept mapping

.

allows the user to “pull up’ a subordinate cbncept to

PR,
WA

a superordinate position and rearrange the relationships

-
- 4

to the other concepts. This function is called the

‘Rubber-Sheet” effect. This is the same type of cognitive

Mo e <

function that occurs in the mind and results in the

¥ alternate meanings associated with objects and events.

e

Figure 3-2 show the same group of concepts show in figure

" >y

3-1, but the ordonnance has been changed to reflect

a new meaning or emphasis in the domain. Some of the

concepts have been dropped because they are no longer

XYY

necegsary for the meaning that is being transferred

' or negotiated. Also, some of the links have changed
to show different meanings.

Extrapolating all of these functions and definitions,
concept mapping is a technique for externalizing concepts
and propositions as they are organized in the mind.

Thus, a concept map becomes a forum or tool for two

v or more individuals to negotiate meanings. This negotiation
K .
U
a of meaning is the bagsic purpose for concept maps in
K

education. |
' |
" |
» \
i} ‘
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Figure 3-1. A concept map for water showing some related
concepts and propositions. (Gowin, 1982:Fig2.1)

ck‘k

Figure 3-2. A concept map for states showing the “Rubber
Sheet  effect.
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3.12 Knowledge Representation Systems.

There are several knowledge representation schemes
derived by artificial intelligence research. These
include such tools as Semantic Networks, Extended Semantic
Hierarchical models, Entity-Relationships models, Object-
Attribute-Value triplets, Rules, Frames, and Logical
Expressions. Each of these tools have various advantages
and disadvantages depending on the user’'s needs. Below
is a brief description of each of these methods.

Semantic Networks - A semantic network is a collection
of objects called nodes. The nodes are connected together
by arcs or links. Ordinarily the nodes and links are
labeled.” (Harmon, 1985:35) The main advantage of this
method ig its flexibility and ability to inherit meaning
from the relationships. Semantic nets are gimilar to
concept maps.

Extended Semantic Hierarchical Models - "The Semantic

Hierarchical Model (SHM+) is an example of a data model
based on semantic networks. SHM+ uges the abstraction
concept to form a hierarchical network.” (Handgraaf,
1986:39)

Entity-Relationship models - Peter Chen defines
an entity as ‘a thing which can be distinctly identified~

(Handgraaft, 1986:21). He goes on to define the relation-

ship as ‘an association among entities’ (Handgraff,

1986:21). A relationship can have many entities associated
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with it. “Works for" is a relationship of employees

to an employer. 1In that example there are many entities
in employees but only one in employer. °“The ’'role’

of an entity in a relationship is a function that it
performs in the relationship” (Handgraaf, 1986:21).

The Entity- Relationship model is an excellent tool

for designing databasges, but lacks the hierarchical

and inheritance functicns found in SHM+.

Object-Attribute-Value triplets ~ Objects are either

physical or céncoptual entities. Attributes include
the general characteristics or pfoportios asgsociated

with the entity. The value member of the triplet specifies

the specific nature of the attribute in a particular

situation. (Harmon, 1985:38)

Rules - "Rules are used to represent relationships
and can be used with many knowledge representation schemes.
One of the basic structures of rules fo;lows an 'ift
then’' format. Given a premise has occurred or is true
then a conclusion is presented. (Harmon, 1985:42-43)

Frames - A frame is a description of an object
that contains slots for all of the information associated
with the object.’ (Harmon, 1985:44) Frames can hold
both declarative and procedural representation of facts.
These are two different strategies that aid in building

and using relationships between entities.

Logical Expression - There are a variety of logical

SO
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systems. Harmon and King summarize both Propositional
Logic and Predicate Calculus. Again these syatem establish
relationships between entities or objects through assger-

" tions. Thus the assertion must be established as either

true or false.

% All of these are schemes attempted to translate

éj meaning or understanding by using a variety of forms.

o No one scheme is right nor wrong. Each scheme has its
)

~g specific area where it works better than another. But,
4"

b the key question is: Do they depict the relationships

o between entities and translilate tnaf meaning” “Any meaning
¥§ representation system, either human or mechanical, must

W

; make explicit exactly what the relationships between

iﬂ‘ concepts underliying a verb are.  (Schank, 1lYH4:94)

o
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i; 3.139 Differences between Concept Mapping and other Schemes:
2& he technique of concept mapping is different and

,é unique from knowledge repregentation systems in three

2 ways:

E& 1) “The first difference is the goals of the systems.
é Concept mapping is a knowledge acquisition method.

X lts main ;oal is to capture the understanding an expert

;2 . has about a problem. ''he acquisition procesgs inciudes

‘é both the conceptualization (the individuai’'sg perception

> 0f the problem space) and solution or decigion process

&

‘ﬁ of the problem. ‘'he other systems described are knowledge
; |

{ o1

Y N Y DAL AT A ST AT N N AT A AN A T T T T, T T L o T, €0, O



representation systems. ‘I'he knowledge representation

system i8 an encoding process of tacts and relationships.

“I'he ‘process’ of extracting knowledge from an expert

is called ‘knowiedge acquisition’, whereas the ’'procedure’
of encoding it in a program is called ‘knowiedge represent-
ation’ and techniques to use this knowlddge are callea
‘knowledge manipulation and retrieval’’

(Yasdi, 1985:12).

4) 'The second difference between concept mapping
and these other schemes is the purpose of the methods.
Concept mapping’'s main purpose is to capture an individual's
understanding of a domain and then transiate or negotiate
the meaning with another individual. ‘'he knowliedge
representation systems are designed specificaily for
relating meaning so machines can operate on the relationships
and conclude the same results as the human mind. 'l'here
is a difference in these operations of translilating meaning.
That difference ig locked in the undergtanding of the
concept ‘understanad’

“I'he basic idea in understanding, whether by‘computor
or by people, is firat to figure out what concepts are
being communicated and then to use those concepts to
help in figuring out what else might be the case. Unce
we know there was a ‘giving’' action we know that there
was a ‘taking’ and a ‘receiving’'; we know that there

was an object and that someone now has 1t and will probably

oY
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o use it for whatever 1t is normally used for. Ascertaining
this kind of information is what understanding is all

) about” (Schank, l¥84:99).

R 3$) The third difference lies in the abilities

0f the systems. 1o properly capture the knowiedge of

2 an expert, the tool must be able to reflect the cognitive

and affective functions of the mind. The tool must

be able to give multiple meanings and describe feelings

when necessary. All but concept mapping, SHM+, and

: some semantic networks, are rather rigid in their ;tructuro.

'hey are not flexible. ‘herefore, it is less convenient

to represent multiple meanings between entities.

Ve ma B &

; Handgraaf refers to the flexibility of a conceptual
model as semantic relativism. "Semantic relativism

refers to the ability of the user to dynamically change

a s s J)J)

the way data and relationships are viewed within an
application. 1f a model is to successfully move into

the realm of conceptual modeliing, it should not restrict

RS s TS

the user to one view or another  (Handgraat, L986:17).

3 his flexibility function will also be described later

> ag two separate functions called “progressive differenti-
ation’ and ‘integrative reconciliation’. Concept mapping
has the function of ‘rubdber sheet ' that gives 1t the

’ flexibility necessary to view concepts in different

meaningful relationships.

Jowin points to the need for cognitive modeling
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t0 describe feelings. Cognitive processes and memory

L]

recail are tied to previous feelings or emotions. Ftor
example, if a person thinks of a birthday party feelings
\ of joy, excitement, Or anxiety may accompany the memories.

1o capture the true relationship among a group of entities,

-

DA S oo,

the emotiong they invoke muat also be captured. “‘'hese

new ‘cognitive science’ models fail to connect thinking

with feeling, partly because the computer metaphor on

which they are based does not involve feelings  (Gowin,

Ml 3 Rl

1982:1.8). Handgraaf also points out the importance
y for concept models to capture the behavioral aspects.

The definitions presented below define concept
mapping with respect to its application in the problem
- definition process and its goals, purposes, and function-
Ca
E ality described above.
') A Concept Map i3 s tool 0f knowledge acquisition
) that translates and negotiates meanings between individuals.
.E Concept Mapping is the process of knowledge acquisi-
tion that captures an expert’'s conceptual structure

y of a problem.

3.20 The Supporting ''heory of Concept Mapping.

This discussion presents three basgsic theoriesg ot
N the human mind and how it stores and retrieves i1ntormation.
Each of these theories are very gimilar, yet come from

three different filelds of study. All the theories lay
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the same basic foundation for concept mapping. ‘'I'he

first discussion describes the current theory of how

the mind physically works using the “"Knowiedge-line

or K-line' idea. Cognitive psychology offers the schema
theory and shows its application to learning. The third
discussion presents Augubel’'s theory of cognitive leafning.
Following these descriptions are several views and obser-
vations on conceptual structure. All of these theories
and views combine to show the functions of the human
mind. Based on this understanding of the mind, concept
mapping is introduced as a means to capture (acquire)

the knowledge in the human mind in an efficient and

effective manner.

9.21 Theory of Memory -~ Knowledge-Lines:

Minsky proposes the theory of "lhe Knowiedge-line
or K-line" as a theory of memory. 'wnonovcr you ‘get
a good idea’ sgolve a problem, or have a memorable experience,
you activate a K-line to ‘repregent it'. A K-line 12
@ wire like structure that attaches itself to whichever
mental agents are active when you solve a problem or
have a good idea.’ (Minsky, lydG:82)

Kenneth Haase, a student at the MIl artificial
intelligence laboratory, gives an interesting analogy
0of K-iines. in the tollowing story, he redefineg the

K-line in terms of colors and demonstrates their tunction.

=3




"You want to repair a bicycle. Before

you start, smear your hands with red paint.

Then every tool you need to use will end up

with red marks on it. When you're done, just
remember that red means °‘good for fixing bicycles.’
Next time you fix a bicycle, you can save

time by taking out all the red-marked tools

in advance.’

“lf you uge different colors for different
jobs, some tool will end up ma-ked with several
colors. 'That is, each agent can become attached
to many different K-lines, Later, when there’'s
.a job to do, just activate the proper K-line
for that kind of job, and all the tools used
in the past for similar jobs will automatically
become available.  (Minsky, L986:82)

Based on K-line theory, human minds are filled
with chunks of agents that are connected by the same
K-line. When humans remember, the K-line reactivates
the connected agents and creates the idea. Lf the agents
were a solution to a problem and a similar problem is
encountered, then agentg of the first problem may be
activated as possible solutions to the new problem.
The ideal performance of the mind would then select
the most appropriate agents necessary to gsolve the problem.
‘his results in establishing new K-lines for the second
probiem, and tying agents to more than one K-line.

The K-line concept is expanded by the "Level-band’

theory. ‘l'his is basically the way the mind links agents

at different levels of stﬁongcn. "We learn by attaching

agents to K-lines, but we don't attach them all with
equal firmness. ilnstead, we make sgtronger connections

at a certain level 0of detail, but we make weaker connec-
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might include properties like these:
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Figure $-3. (Minsky, Lyd6:86)
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Another expansion of the K-line theory 138 the idea

of “level . 'The level is a way that the level-band

idea can describe the details within the memory. “'fhe

concept of a level-band can be applied not only to

descriptions of things, but also t0o our memories of

< the processes and activities we use in order to achieve

our goals - that is, the mental states we re-create

that once solved probiems in the past. ‘lhe problems

'y we have tOo solve change with time, so we must adapt

our old memories to our pregsent goals (Minsky, L986:87).
‘Level-band’ with the added idea of "levels  transgtorms

a4 way of describing things into a way of using them

to do things.

Minsky shows the 1dea of level relates to the many

ol-‘.-l.‘.
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ways a human thinks. He goes on with the discussions

by examining the fringes of the levels. it the level

of detail about an object is too detailed (lower-band),

then it will prove to be too difficult to reiate the
ideas to new gsituations. Consequentiy, if the level
of detail is too lax (upper-band) then the goals will

not be within reach of the situation.

I\E
8
-
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o

K-iine sttached to many agents. K-iine attached to three K-lines.

MR

Figure 5-4. K-Line Attachments. (Minsky, 1986:89)

A

Another function of K-lines is their ability to

r

RNy AAN?

tie to other K-lines. (See figure $-4b) ‘Lhis saves

the mind from having to connect K-line to all pertinent

agents. Hut there is a cogt in making these connections.
"Our trick of connecting new K-~lines to old onaeg will
not recapture so many of the scene’'s precise, perceptual

details. lngtead, the kinds of mental states that this

“l‘J;'—J) |

‘hierarchal’ type of memory produces will be based more
on stereotypes and default assumptions that on actual

. perceptions. Specifically, you willi tend to remember

; 58
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only what you recognized at the time. S0 something

is lost - but there’'s a gain in exchange. (hese ‘K-line
memory-trees’ (see figure $-5) looses certain Kkinds

of details, but they retain more traces of the origins
of our ideas. ...%the structured memories will be much

more eagily adapted to new gsituations.  (Mingky, 1986:89)

]
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Figure 3-5. Memory ‘I'rees. (Minsky, lys6:90)

Une last idea proposed by the level-band idea is
the way humans manage the levels. ‘This management can
be thought of as organizing ideas. Figure 3-6 shows
two ways to organize the objects bird and plane. Note

that both hierarchies represent the links between the

things. Neither knowledge-tree is more correct than
the other. ''hey are just two representations of managing
ideas.
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Figure $-6. (Minsky, lY86:91)

As an individual learns, three things occur: 1)
The mind's Knowledge-trees become more detailed by tying
more agents to various K-iines. ‘These complex traees
becomes a "society . Z) More knowliedge-treesg are created
and stored by the mind. J) With more trees and more
details, more K-lines inter-connect the societies.
1This becomes the uitimate in learning theory. ‘'he better
an individual creates and links the societies the more

capability he will have to soive problem and recall

descriptions.

$.42 Schema 'l'heory:

'he bagsic hypothegis underlying schema is that
‘"changesg in the knowiedge base can produce sophisticated
cognitive performance  (Ulasser, lYH4:97).

Ihis hypothesis initiated many research eftorts.

From several studies comes the recommendation that “an
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W important focus for understanding expert thinking and

problem solving is investigation of the characteristics

? and influence of organized knowledge structures acquired
L. over long periods of learning and experience  (Glasser,
" 1984:98). This recommendation was also made by Minsky

;

' and Papert. in the mid 70°'s, the emphasis of artificial
& intelligence changed from a power-based strategy ot

ﬁ thinking to a knowledge-based strategy. ‘his change

§i was supported by the theory that inteliligence was a

function of knowledge organization. °“A very inteiligent
person might be that way because of specific local features
0of his knowledge organizing rather than because of global
qualities of his thinking  (Ulasser, 1l9UH4:9H).

Schema theory is based on the idea that the human
mind stores knowledge in structures. if the mind does
store knowledge in this manner, then there ought to
be ways to determine the organizational patterns and
represent them to other individuals. "Schema theory

attempts to describe how acquired knowledge is organized

and represented and how such cognitive gtructures ftacilitate
the use 0f knowliedge in particular ways.

A schema 18 conceived of al'a modifiable intormation
structure that represents generic concepts stored 1in
memory. Schemata represent knowiledge that we experience
interrelationships between objects, situations, events,

and sequences of events that normally occur. ln this

gl
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¥ sense, schemata are prototypes in memory of frequently
experienced situations that individuals use to interpret

instances of related knowiedge (Ulasser 19H84:100).

- - e

Using the schema theory, educational researchers
have applied the ideas to learning and teaching. 1o
apply this theory to teaching required the development
of several 1mpprtant teaching principles. ‘Mirst, one
must understand an individual’'s current state of knowiedge

in a domain related to the subject matter to be learned,

el e a" s 0" 4

and within which thinking skills are to be exercised.

j Second, a ‘pedagogical theory’ can be specitied by the

: teacher that is different from, but close to, the theory
held by the learner. ‘hen third, in the context of

; this pedagogical theory, students can test, evaluate,

% ‘and modify their current theory 30 that some resolution
between the two is arrived at” (Ulasser 1¥H4:10i).

% 'he basic podagogy.tor schema is to develop lessons

g and experiences which enabdble learners to build, test,

- modify, and retest these cognitive structures. Ihis

i process relys very heavily on the ability to capture

B the student’'s structure. Thus, learning, or knowledge

v

‘ acqguisition, is the dov;Lopmont 0! these structures

E in the human mind.

r

S3.439 Ausubel’'s 'heory of education

'he two previous theories sget the scene tor a discusgsion
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0f Ausubel’'s theory of cognitive learning. Based on
similar understandings of the human mind proposed by
Minsky and (lasser, Ausubel developed the cognitive

theory of learning. ‘There are five major components

to this theory and all are Listed in figure S-7.

3.424 Supporting Points of View:

The above description of how the human stores
information is supported by an observation of Hoger
Schank who is working in the artificial intelligence
field. He is explaining the idea that concepts must
be lLinked to previous knowledge. ‘We understand what
we read by adding it to what we aiready know;, a new
meaning is always a product of a previous meaning.
Understanding a sentence involves all the knowledge
we have 80 far acquired about what goes on in the world.
The more knowledge we have about the world, the more
experiences we have had, the better equipped we are
to find possibie meanings for whatever sentence, paragraph,
poem, or story might come our way. Language 18 not
in itself knowledge, but 1t i3 a medium for expressing
and organizing what we think we know, which is reailly
only what we believe or feel at a given time. When
we are saying to ourselves, ‘'whoever wrote this sentence

has some knowledge and this sentence must be his or
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Ausubel’'s Cognitive Theory of Learning

Key Concepts

Inaningtul Learning

A learner consciously and deliberately links new
knowiedge with relevant concepts s/he already knows.

Rote Learning

'hat which occurs when a learner makes no deliberate
effort to relate new knowiedge to concepts the learner
already has.

Hierarchicalliy Urganized

Cognitive structures have more inclusive, more genaeral
concepts an prepositions superordinate to lesg inclusive,
more specific concepts and propositions.

Progressive Differentiation
Concepts 1in cognitive structures undergo ‘progressgive
differentiation’ wherein greater inciusiveness and greater
specificity of regularities in odbjects or events are
discerned and more propositional linkages with other
related concepts are recognized.

integrative Heconciliation

Ihis occurs when two Oor more concepts are recognized
a8 relatable in new propositional meanings and/or conflicting
meanings of concepts resolved.

rFigure 5-7. Ausubel’'s Key Concepts. (UWowin, lYHZ)

her attempt to communicate this knowledge ' ~ (Shank,
L1984:17) .

Shank's second observation deals with the detinition
of events or objects. He looks at concepts as iinked
by action verbs. Using this definition each concept
gaing 1t's ildentity by the combination of actions used

to describe 1%t.
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"We tend to see the world in terms of the events
that take place in it. ‘'hese events usually invoive one
or more actions, which we describe using the many verbds
in our language. We can think of concepts which don’'t invoive
actions, such as a fine spring day, or a rock, or a fire
¢ hydrant. lt's easy to say that a rock doesn't perform actions
because it just sits there and doesn t move. Hut we have
. to stop and remember that the descriptions ‘just sitting
there’ and 'not moving’ both refer to actions.

lt is extremely difficult to describe an event without
describing actions as well. We can say the words ‘'rock’
5 and ‘fire hydrant . Hut somehow the word ‘rock ° itselt
doesn’'t tell us much about rocks. We have to use other
words. A fire hydrant means the set 0f actions that are
called up when there is a fire. lt refers, in an 1mpiicait
way, to the need to stop fires from destroying objects by

N soaking those objects with water. lf we want to describe

a fire hydrant 1n a useful way, we must do s0 almost entirely
in terms of actions. what can one do with a fire hydrant”
what comes out of a fire hydrant’ What's it made of” What's
a {ire” ‘I'he actions involved in the concept of a tire hydrant
are dxséroto and unique 1n that they differ from those invoived
in the concept of a telephone or and electric drilli.’ {Shank,
1984:908)

Another observation about the function ot the mln;

comes from professor D.Hob Uowin. As an educational researcher,
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determining how the mind functions is key to being abile

to develop effective teaching/learning methods. He also
supports these theories as reflected i1n the following obser-
vations.

"Jur minds seem tOo work ‘'hierarchically’ as a mosaic
0of interrelated concepts, but instruction 18 necessarily
linear in form. We must present knowiedge segment A, then
gsegment B, then segment C and 80 on. C(oncept maps can help
us to organize the whole set 0f concept-propositional relation-
ships we wish to present, but then we must gtill reduce
this organization to some sequence of topic A, topic H,
topic C, and so on. Concept maps do not specity the exact
sequence for presentation, but they do show hierarchies

of ideas and thus suggest psychologically valid sequences’

(Gowin, l98Z:4.4).

$.350 why Concept Mapping”:

3.2%1 I'he power of Concept Mapping:

Ausubel's DLictum: ['he most i1mportant single
factor influencing learning is what the iearner
already knows. Ascertain this and teach him accor-
dingly (UGowin, 19¥82:14).

in order to get%t at what the student knows, a tool
or device haad to be developed. 'his tool had to be simp.e

and functional i1n ascertaining what the learner KnRows.

Ausubel presented the 1dea 0t cognitive maps. Jowin andga
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Novak continued this line 0! reasoning and 1mplemented concept

mapping into a variety of teaching arenas. ‘'hey found concept
mapping to be an i1nvaluabdble tool for determining what a
learner knows. "Concept mapping 18 an educational tool

that has been developed specitically to tap 1nto a learner g
cognitive structure and to externalize for both the lLearner
and teacher to see ‘what the learner already knows

(Gowin, 19¥¥Z:14).

Uowin contrasted the benefitsg of the concept nap
against the outiine. He found two distinct differences.
‘First, good concept maps show key concepts and propositions
in very explicit and concise language. Second, good concept
maps are concise and hence show the key ideational relationsnhip

in & s1mple visual fashion (Uowin, |¥HZ:4.9).

3.34 Applying Concept Mapping %o the lrobiem:

Translating concept mapping from an educationa., setting
to one of probiem solving or decision making 18 not as drast.c
ags 1t might seem at first. I'he expert replaces the teacher.
I'he DSS designer becomes the learner. Hut the concept map

taps the cognitive structure of the teacher 1nstead oO0! the

learner. ‘lhis Creates a map of the knowiedge structure
of the expert. Lt can then be used to transiate and negotiatte
meaning to the USS designer. Unce the USS designer understands

the problem and the process he uses the 1ntormation to develop

the decision ai1d. 'he map can a.so become a record ot under-




PO

standing tor tuture reterence.

Based on the theorilies presented by Minsky, Ulass
and Ausubel., and the research tindings trom educational
research efforts, cConcept maps Ccan depict the expert ' s knowi,edge
base. The XK-line theory tells us that the knowledge organization
0of a problem wi/ll be the agents used 1n defining and soiving
1t. Schema theory also supports this conjecture when appliea
to problem solving. ‘'he conclusion 1§ that concept maps
created by the expert capture the key concepts of the problem
and/or the elements of the decision process used by the

expert.

3.33 Heasons for Selecting Concept Mapping:

There 18 one final question to ask. ls there another
tool that can capture the expert s expertise as eftectively
as concept mapping”’ ‘I'he only tools available are the knowiedge
representation systems discussed above. ‘lhese are generali.y ‘
not appropriate because they are representation systems
and not acquisition systems. lt 18 possible to gtructure
SHM+ 1nto concept mapping tormat, but an altered SHM+ woulia
become concept mapping.

I'he other knowiedge representation modei.s have been
used 1n data base system to show relationships bLetween data
elLements. 'hey are very restrictive because 0! the need

Lo 1nteract with machines. These mode(s do nNot have the

Puillt 1n tlexibilitly and hierarchical !tunctions ot concept




mapping. hus, the process woulid lose semantic reliativism
and ordinate meanings. For these reasons concept mapping
18 anticipated to be an i1deal tool for capturing knowledge

- from an expert.

9.40 Conciusion:
A lf the expert 1s really the expert 1n solving the
probliem, then capturing the specific proviem's agents’

{concepts) and thelir appropriate ‘K-lines (links) would

PhiChe 2 B 4

capture the definition and decilsion pProcess elements. with

this twist 1n 1t%8 use, concept mapping becomes the bDasic

a8 2 4 2

tool for acquaring knowiedge from an experst.
‘I'he next chapter teaches how %0 do concept mapping

and explains some O0f the techniques required in holiding

2P

4 knowledge acquisition i1nterview.
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Chapter 4

The Concept Mapping 'lechnique

4.00 lntroduction:

Learning the concept mapping technique 18 )just
like learning any other skill. 'The student must star:
by learning the terms and basic rules to the procedure.
'hen s/he must practice, practice, and pracrice some
more. Ihe ski1ill 0f concept mapping has re.ativeliy tftew
terms and ruies. it 18 a simple, functional. tooi that
can be applied to a variety of learning or knowiedge
acqulisition requirements.

Concept mapping comes from the field of cognitive
education. A teacher who beileves 1n the cognitive
structuring phenomena of the mind will use CoOncept mapping
to 1ntroduce students to new concepts. Ihe technique
18 relatively new yet 1t 18 bagic to ecucation. Ai.i
0! the examples 1n thilis chapter are f{rom the autihcr g
packground 1n appliying Concept mapping whiie teaching

I'his chapter 1ntroduces the S8Kkll.is 0f concept mapp:ng
Ana conducting the Concept mMapping interview. ihe t.rs"
parts ot! this Cchapter (o.ilow Uowin 8 strategy t!-r ;nwrcduc.n#
concept mapping to .Learners. rigures 4-. ana 4-. ..s°
4ii %he steps N Uowin 8 strategy ‘his .esson .8 .-~
two parts ihe tirst part .ntroducesg anl1 Ze:.nesg "“ne ]

terms 0! Toncept mapping iNe ma1n purpocse ! r *‘nh.s




A pstivitiee te Prepers foy Copcept Neppiag

l. Vahe twe liete of werds eu the bleckbeard or everheed prejector wing o
1ot of femilisr vords for chjests ami amether list for events. Tev
esample, sbject veords mtight be: car, dog, thalr, tree, ¢lowd, deok, md
oveatusrds ssuld de: raimisg, playing, weehiag, thiaking, thumder,
rthdey perty. Ash childrea if they cam describe hew the twe liscts differ.

2. Aok the childrea to descride what they think of when they besr the werd
cor, dog, ote. Relp them reocognise thet even theugh ve use the samm weords,
esch of w» =y think of semething & little differenct. These mantal images
we have fer worde sre ewr concepts; istredure the vord “comcepe”.

3. Nepest ectivities ia F2, wsing event wverds. Again, poisnt out the differeves
we sll heve ia owr mental images or comcepts of evemts. You msy wame to
suggest ot this peiat thet cns resses ve have trowble wnderstanding sach
other semntimes 15 that cuf concepts are Rever quits ideatical even though
s wmev the same wewrde. VYerds are labsls for ceacepte, but sach of we must
oequiTe our owva weanings fer werds.

6. Tow lise verds sweh as! are, vhere, tha, {s, them, vith, etc. Ask childres

o whe¢ conme to their ainds vhen they hest esch of thase werds. These are not
epazept vords; ve call thea lighing verds md e uwee these in spesking end
writieg. Lisking verds are waed togecher vith ceacept werde te comstruct

. sentences thet hove mesaing.

. 3. Preper seums ere 20t concept wverds but recher sames of specific people, evente,
pleces. or objecte. Use soun exasples and help childrem to see the
éistimtion butvess labels for regularitiee ia eveats or ohjects as coutrasted
to opatific events or objects or proper acwms.

$. Weing twve comcept wrds ou the bdeard and linkiag vords, cemstruct a few
oheart contouces to Lllustrete how cemcept wvords plus linking worde ars uwsed
by humams te comvey seaning. Examples weald de: The dog 1 tumming, There
are clonds sad thuader, ote.

7. Reve the students comstruct & fow shert sentences of their owva sad tdentify
the cencept wriés, tell vhetier cach 1is oo object or svent, and also identify
the linkiag werde.

8. 1f you have bilingual children ia the clase, haeve thea present seoma foreige
worde thet label the sams ovents or ebjects. Belp the childrean recogmize
thet longuage does set sahe the esuxept; it culy sarves s the label ve we
fer the concopt. If we lears werde but fail te leara vhet kiad of
rggularicy ia chjects or svents the Yrds Tepresent, ve have wst lesrmed
SEn COBCEpLs -

9. lIstreduce somn short but wnfamilisr verds te the tlese swch as: dire,
tovrse, conis. These sre werds thet staed for some coucepts they alresdy

* mew, but they heve ssarvhet special sesmings. Belp the children see that

epncopts éo not have rigid, fined mamiage, but the nesnisge cam grov end
chenge a0 wo Lasra werve.

9. Chewse o section of o texthonk (one page is oufficiem:) amd duplicate copies
for childrem. Choese o reosding passage that cowveys # definite mmssage.
A9 o clase, seh then te resd the passage and tdentify hey comncepts. Uswally

, 10 to 20 relevant conceopts vill be fouad ia & eingle page of text material.

. Alse hawe the childres sete coun linkisng verde end concept werds that are

lene impertant te the “etery lime”.

rigure 4-.. tuowin, lybdi:lable Z.J$)
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Cousept Mupping Ascivities

[

s.

Select a perticularly sssaingful paragreph or twe from o temt ov other
printed materisl. Nave the studests reed the text snd select the “hey
comcepts,” that is these comcepts wecessary for uaderetanding the sesniag
of the text. List these concepts e the bdeard (er owerhesd prejecter) se
they sve identified. Vew discuss vith the students vhich concopt is the
west importsat, west inclusive ides is the texe.

Put the "weet inclusive” comcept ot the head of a new list of “remk
ordered” comcept. Lisc the mext "woet general”,"soet inclusive comcepe,”
working through the first lisc watil all comcepts are “rssk ordered.”
There vwill sot slvays be sgreement ssomg the students on the ovrdering

but weually only & few major diffevences in canking of the comcepts srise,
and this is OK; {t suggests chat there msy be mere thes ome wey to see the
usening of the tezt selection.

Sow begin comstructing & comcept map, waing the raak ovdered lisc ss s gmide
is building the coucept hersrchy. Rave sctudeuts help im cheesing good
lisking werds te form the propesitioms showm .i the lines on the mep. Owe
g0od vay te practice mep meking is to heve students write concept words
and linking words on peper rectangles, and then they con resrrange these

...a0 they get mev insighte ou the mep orggnisatiom. (See figure 2.9.)

Row look Lew “crosslinks™ detwwea comcepts ia ome sectioca of the msp ond
concepts in emother pert of the comeept "tree.” Have students help te
choose linking wovds for the cross linmks.

Nost "first effort” meps have poor symmetry or sowe concept clusters.
poorly located relative to other more clesely relsted concepts ov clesters
of concepts. Raconstruct the map i{f this would de helpful. Point out te
students that st lesst cne end somatimes tve or three recomstructions of
8 nap are seeded to show s good representation of propositional wmeanings
48 they uaderstaod them.

Discuse the concept mep scoring criteris im Table 1.4 sud “score” the
concept msp comstructed. Point owt possible struetursl chsmges that might
inprove the mssaing of the map, and perhape the map’s scove.

Rave the stwdeant sslect & section of text or other material sad repest e
their owa (or {n groupe of 2 or ) scepe 14, .

Student constructed saps cam be presented te the clase om the dlackbesrd o
everhesd projector. By "resding™ the sap, it shouwld de clesr te other
otudonts ia the class what the text section ves sbewt.

Have students cometruct a concept sap for ideas importast is & hoddy, spore,
or special interest ares they have. Thase might be poeted sround the room
ond informal discussion encoursged.

Incorporate one or two concept mapping "quescions”™ im your sext test to
illustrate that ceacept sapping is & velid eveluation precedure thst
demends hard thisking snd can {1llwetrate wndersteanding of the swbject
watter.

Figure 4-2, {(Gowin, lyBZ:Table 2.9)
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lesson is to prepare the learner for the actual concept
mapping activity. ‘'he second legson steps a student
through his/her first concept map. After this brief
introduction to concept mapping, the student is encouraged
to practice as much as posgible.

Unce the student has mastered concept mapping s8/he
is ready for the interviewing segsion. ''he remainder
of the chapter explains the process used to concept
map the problem definition and decision processgs. Several
suggestions and rulesg-of-thumb are given. ‘'hese agugges-
tions are based on personal o;periences of over 100
hours of interviews and literature reviews of the inter-
viewing procesgss. ‘'t'his portion of the chapter is not

in a lesson format, but will perform as teaching forum.

4.10 Learning How to Concept Map:

1'he following sections introduce the two lesson
plang. ''hese lesson plans are generically designed

for any person interested in learning the skill.

4.11 Preparing for Concept Mapping:

Attachment A is a self-paced legsgon plan tfor any
student wanting to learn the basics of concept mapping.
Lesson A introduces the student to the tollowing terms:

Objects Events Concepts

Linking Words ’ Key Concepts

A
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4.12 Concept Mapping Activities:

A student who wants to learn how to construct a
concept map should follow the activities outliined in
figure 4-Z. ‘l'his lesson ig designed to introduce the
student to the art of making concept maps. However,
to become proficient the student must practice and pertorm
the gtepsa on his own. Yo gain the maximum benefit from
this sequence ot lessons, complete the lessons in order
and then practice at every opportunity. A good practice

scheme is to concept map class lectures give by a teacher.

4.40 The Concept Mapping ilnterview:

The interview is a face-to-face meeting with the
expert. lts goal is to capture the expert’'s understanding
of the problem and hig key decision elements. ‘''he interview
is the most significant part of the entire LSS design
process because the information and perceptions gained
by the designer will be reflected in the final product.

t'he concept mapping interview ig a proéess with
three distinct and. separate steps. ‘l'he first step is
Scheduling the interviews. Choosing the expert, intforming
the expert about your needs, goals, and methods, and
making the appointments takes only a little effort but
pays big dividends. 'I'he second gtep is setting up the
environment for the interview, ‘he expert and interviewer

both need to be able to communicate freely and comtortably.

T4
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T'he lagt step in the process is managing the interview.
T'his section is designed specifically for the DSS designer
who will be using the concept mapping technique in detfining
the problem and identitying kernels of the decigion

process.

4.21 Scheduling the interview:

The most important part of scheduling the interview
ig identifying and choosing the problem solver. Although
you may take on the role of problem solver, 1in most
cases this tagsk will be handied by another individual:
someone who by experience or position has the unique
knowledge necesgsary to solve the problem or make the
decision. 'his person is the primary user that the
DSS is intended for. 'This is an "expert . An expert
is one of only a few persons who has gpecial or unique
knowledge. "By an expert we usgually mean a person who
knows how to define problems and solve them. He Kknows
what facts or data to collect and investigate, he knows
what rules %0 use, and he knows how to make inferences’
(Yasdi, 1985:12).

Selecting this person requires an evaluation.
¥irst, learn as much ag posgsible about the problem itselt.
Are there people currentiy golving this or similar problems”
lf so, who i8 considered the best at solving the problem”

Next make a list of possible experts 1n the problem

)
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domain. I'hen evaluate the list. Here are some criteria

that may be used in evaluating the ligt of experts.
l) Wwho do(you as the USS designer have access to”
Z2) What are the costs involved?
. (e.g8. lravel, Congultation KFeeg, etc.)
J) What are the available resources?

Unce the experts have been selected, they need
to be prepared for the interview. ''0o prepare the expert
for the concept mapping interview, hold a meeting with
all of the expertg at one time, if possible. At this
meeting brief the experts on the problem that you are
facing in trying to capture the definition ot the problem
and identification of the decision process. intorm
the experts on the needs, goals'and methods usod.ln
the upcoming interview., 'his meeting sets the stage.
it gives the purpose for the interview and teils the
expert what role s/he is to play.

I'he experts are better able to organize and communicate
their cognitive structures on a subject if they know
exactly what ig needed and what are the goals. Experts
need to know a variety of different types of intformation.
Some of the questions to be answered for the expert
in this briefing are:

1) What kind of information is being sought?
<) which problem space are they %o concentrate on?

3) What is the processg being used 1n the 1nterview’

‘706
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4) How much time i3 needed from each of them?

) What is the information going to be used for?

Answering these questions before attempting the interview
concentrates the eftforts of the expert on the problem
rather than on the process.

'his initial briefing also saves time. As Ekden
points out the first i1nterviews rarely have content.

He cites the time 13 taken in pleasantries, spouting

" ‘motherhood’, other general things, finding out ~“What

the hell’'s going on round here’ , etc. (kKden, 19Y8S:81Y).

1o illustrate this point, all of the HAAY experts
were briefed on the purpose and process of the interviews.
After introductions they were shown the basgics of the
concept mapping technique. 'his was just a general
overview of the terms and an example of how a concept
map 18 built. OUnce they felt reasonably comfortabdle
with the process, they were asked to concentrate on
their definition of HAAY and what they perceive the
decision process to be. Finally, they were told what
the maps wouid be used for. They were now ready to
be 1nterviewed.

The last thing to do at this initial briefing 1s
make the appointments. The time avaiiable and the desgired
extent of detail 1n the maps, determines the number

0f interview appointments made with each expert.
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Ueneraily, three one-on-one interviews are best.
Make individual appointments with each of the experts.
Do not attempt to interview two or more experts at the
same time. Experience has shown that one of the experts
will do the majority of the talking while the other
Just agrees. lnterviewing two or more experts at the
same time does not capture the multiple understandings
that each has.

The first two interviews need to be relatively
close together in time. 'The first concentratesgs on the
definition of the problem while the second captures
the elements of the decision process.

'he third interview gession should have a considerable
separation in time from the firgt segsions. A good
separation would be anywhere trom two to 8ix weeks.

A shorter separation doesn’'t allow the expert’'s perceptions
to change very much. Separations longer than gix weaeks
generally are not guitable for either the expert or

the project. This geparation enables the expert to

further think about the problem. As has been observed

in other concept mapping exercigses, people change their
minds. Perceptions change because new experiences alter
old cognitive structures. 'his 18 the natural process

0! learning at work. ‘here is more discussion about

the benefits associrated with changes in perception 1in

Chapter 5.
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The purpose of the third interview is to review

the maps that were constructed 1n the previous sessions.

‘'he expert 13 given complete freedom to check over the

o Ay 4

‘ map and ensure that it still reflects his perception

of the issue. lf s/he has changed his/her view of the

N

,E problem create the new or changed portion(s) of the

- concept map. ‘Then, have the expert tie the new clusters

. to the old maps.

¢

{ Each of the above interviews takes about an hour.

<

? this 18 about the limit any expert or interviewer will

N be able to fully concentrate. Llf the time resource

E; requires back-to-back interviews, breaks are a necessity.
- Interviewers have limits. It i3 advised to schedule
ﬁ no more than four go 8iX interviews per day. thisg 1ig

i also recommended by Gowin; “four to six per day is all

: that most people can handle and continue to be alert,

: pleasant and thorough”™ (Gowin, 19BZL:7-13).

’

\
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4.422 Setting-up the lnterviewing Environment:

The preparation of the room and keeping records

is as important as preparing the expert for the interview.

* . .
Lt v A s S 4 B |

kEden insists on a particular room get up for his style

0f cognitive mapping. in his review ot a gession evajluating
the problims ©f a publishing company, he cites one of
the nagging problems of a poor environment.

“I'he day was disappointing. ‘l'he hotel provided

A 19
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rooms that were ciuttered with formal furniture. we

. had requested three rooms 1n which eight peoplie couid

: work 1in cramped conditions. ‘l'he furniture was to be

; easy chairs. What we finished up with were three rooms

0f vaatly different sizes-all too big, and with walls

: cluttered with wall lights and fixed pictures. ... Hecause
v the environment was not as 1ntended, 1t took me .onger

t0o generate the right atmosphere than wouid have otherwise

been the case (kden lYHS:8106).

e 2%sTa a4 a

Following are a few 0of the rules-of-thumd for sgsetting

‘ up the 1nterviewing room for Concept mapping:

: 1) Select a room where you and the expert can work
ﬂ

N the entire session without interruption and limitea

N background noise. Heat, light and ventilation are just
N ag important as noise 1n cons:idering the room.

- 2) Ubtain a chailkboard or dry marker board. 11

ﬁ these are not available use 1fiip chart paper and suitable
<

., markers.
19

) 3) Hecord the interviews. Audio tape 13 relatively
by, cheap, easy to manage, and gives a record of the i1nterview
)

DN in complete detail.

D)

&

4) OUperate the recording machines with as fittle

o interruption as pogsgible. (i.e. Use 1420 minute cassette
" tapes.)

n P

5) OUbtain comfortable chair(s) and a table.

4
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4.49 'he lnterview:

T'he 1nterview 18 critical. Conducted and managed
properiy, the one hour session can return a bdounty ot
information. I'he remainder of this discCussion 18 a
potpourri of suggestions and rules-of-thumd. Flgure
4-3 li1sts some 1ssues to consider wnile conducting an
interview. Ekven though the 1Ssues listed 1n tigure
4-J are for conducting a clinical 1nterview (or educational
research, many of them directly apply.

1o acquire the most information from the expert,
plan the interview. Establish the purpose for the 1nterview
and choose appropriate Lead-off guestions for each main
toptic. lf the interview 18 to capture the decision

process, ask a lead-o0ff question that qirects the expert s

thinking towards the decCislon process. FOr example,
the ilead-0ff question may be: HOw wouid you solve this
problem?

It is also 1mportant to prepare gome follow-up questions.
However, don’'t fall 1nto the trap ot " having to ask
all the questions on my list syndrome. 'his decomes
boring for the expert and may reduce his opennegs toward
the 1nterview.

WALT! After asking a question, especlally a leada-ott

question, wait. Studies show that teachers seldom wait
longer than Y% seconds after asking a question betore

they ei1ther answer 1t themseives or restate the question.

8l
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lssues ©of i1nterviewing
interviewing should not be So<Tratic leaching Methoa.

lnterviewers must De thoroughly tamiilar wita the
sSubj)ect matter.

rYersonality factor are Lmportant.

LISTEN to the student.

walt tor an answer'

Be cordial.

Head oft! dialogue On irrelevant discussion.

"L don t know or ‘I forgot answers se.dom mean
what the response 1ndicates.

Students vary widely 1n loquaclousness.

Statements reveaiing feelings are sgignificant.

in sequentiai 1nterviews, 1t can bDe helptul %o reter
to prior i1nterviews and/or reievant intervening
instructLions.

Use the student s language when rephrasing g .estions
or probing turther.

Do not tftorce your logiCc oOon the student.

End the 1nterview on a positive nNote.

Filigure 4-5. lssues 0! [nterviewling
{dowin, lyB2:15-18)

fherefore the i1nterviewNer must dbe extremely cautious
not to rush the expert. Lt 18 going to take the expert
some time t0 recall. the 1ntormation and organize 1%
in a manner that s/he Can communicate 1t. Hemember,

you're asking an expert L0 do one ot the most complex
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exercises !or the mind %o accomp..sh dive him, her
Ttime tO respona.

LiStaM' Alter waiting for the response, maxe sure
you listen and undergtand what the expert .s sayi.ing

Von ¢t be afraid to rephrase the expert 5 statements.
especialiy 1! you don t see the tylng re.ationsh.ps
or understand the terms. He 183 the expert ana you are
the learner. it a concept can have more than one name
or iLabel. agree on the best Labe. as the i1nterview progres-
ses. Much of the time, more than one labdei can be used
to represent a concept. Choose one and maintain it
throughout the 1nterview unliess 1t 18 no-ionger the
agreed labdel.

As the expert starts to give the 1nformation, draw
the concept map on the board. PrYutting the maps on the
board allows both the expert and the 1nterviewer to
see the map and discuss the concepts together.

write FAS'T! bon't let the expert think he has
to wait on you. LEkncourage him to talk at a normal rate.
Hemember you re mapping only the key conceptis.

bon 't worry about the clutter or neatness ot the
map as you 1nitially build 1t. ‘I'here will be plenty
0! time atter the 1nterview to ‘'Cclean 1%t up .

Use ei1ther circles or rectanglies to i1dentity the

concepts. braw 1n the lines or arcs and pointers.

label each arc with the appropriate linking woras.
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USe the expert s lerms as mUCh a8 pPOSS.CT.e® JC aneac
and deve.op C.usters >! maps. .! that s *he way -ne
expert 1s giving the informat.on he re.a%.cnsh.ps
tying %hese C.usters together wi.. COme OUt eventua..y
it the re.ati.onships don t COmM@ OUt OFr you re not sure
©o! the re.ati.onsnips. ask !or the re.ationsh.ps Detween
c.usters during a iu.li in the action

Your attitude wil, bDe ref.ected by the expert

Hde pleasant and positive. Show genuine i1nterest :.(n
the expert and his thoughts. Uon t argue with nor i1nterrupt
the expert. Negative or adversary types ©Of actions

will discourage the expert and cause him/her to Loose
his/her train of thought.

Follow the expert ' s train of thought. Let him
guilde the f{low through his knowledge. 'his doesn
mean let him aimlessly meander through side 1ssues and
other problems. Uive him/her enough guidance to keep
on track, but also freedom to relate 1t 1n his/her own
manner.

Continuously use the map as a review of the problem.
Head aloud the con~epts and their relationships tor
the expert. Make sure s/he agrees that the map says
what s/he perceives to be correct. lt 1t doesn’'t, then
change 1t.

lf portions of the map don 't seem complete, query

the expert. lt may be that a portion of the 1ntormation

84
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18 unclear in the expert’'s mind too.

After the interview, Copy down the Cconcept maps
that were drawn on tae board. bon’'t leave out any ot
the details. However, cleaning them up, correcting
speliing and reducing clutter will make it eagier to
read lLater on. Taking a photograph of the board may

be usetul and save time but 18 not a necessity.

4.30 Conclusion:

‘'his chapter presaented three lesgons to learn,
all of which were designed %o prepare an individual
to begin concept mapping on their own. Parts of the
third lesson were gpecifically targeted at LSS designers
8o they could start applying concept mapping in the
problem detfinition process. After reading these lessons,
an individual should have a fair understanding of the
concept mapping skill and interviewing technique.

I'he next chapter shows how and where concept mapp:n~4

fits in the problem definition process.
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Chapter 5

The Problem Definition Process (PLP)

5.00 1lntroduction:

‘his chapter outiinos a process developed for the
adaptive design phases of DSS construction called Problem
Definition Process (PLUY). ''he PLP is a strategy for
determining the initial and iterative design requirements
of a bSS.

The foliowing discussion centers around two main
points. The first point discussed deals with the question
of need. Several reasons are presented which support
the need for a PLP sgtrategy in the adaptive desgign method
of DSS develiopment.

The second point of digcussion addresses the PLY
itself. Kach of the many steps of the PLP is brietly
explained. ‘The roles of the concept mapping technique,
storyboards, feature charts and the iterative nature

of the PLP are emphasized in this discussion.

.10 Adaptive Design:

A DSS‘s basic purpose is to support decigion makers
when they are faced with semistructured and.unstructured
problems. DlDecision makers find these types of problems

to be the greatest challenges because of limitations

in the mind. Humans do their begt in structured situations.

84

- AT, { 0 ,
AP S S N p Kl M M N iy N I N e M g W N

AR TS T S A
b2 »

e T v e e - a3 - e

S



‘'he theories presented earlier show how the mind gtores
information (facts and concepts) in cognitive structures
and levels of conceptualization. Links connect the
various levels and concepts. Because of the mind's
make-up, structured problems are more easily captured
and processed. Unce properly stored in the mind, cognitive
processes activate and the problem is solved.

. . Semi~ and un-structured problems are not easily

e captured by the cognitive structures of the mind. Con-
sequently, the cognitive processes and sequences that
solve problems do not work as well. ''he inability of

the mind to process the information creates a greater

) e

need for external aids such as a DSS.

Since these problems are difficult for humans to

-
o e e

store in cognitive structures and develop a sequence

>
-

0 cognitive processes for solving, they are even more

difficult for humans to describe. The description of

-

the probiem as perceived by the decision maker and his

RN RN NN W R

understanding of the solution process is needed S0 the

i) DSS supports his style of decision making. 'This descrip-

E tion lists all the details involved in setting the require-
: ments for the systems.

K) Sprague and Alavi both point out the fact that,

o due to the nature of the problem types, traditional

methods of system development are not possible. For

. example, in the ‘life cycle’ method, the total system
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requirements must be determined prior to the start of
the design and development. 'This can and has been done
G for a variety of systems, but each of these problems
were structured and easily defined. ‘'this approach isn‘'¢
feasible in LSS design. “USS designers literally ‘cannot
get to first base’ because the decision maker or user

ﬁ , cannot define the functional requirements of the system’
. (Alavi, 1984:68%5). Sprague cites two reasons for this

N inability for users to describe the decision process.

i First, a single, comprehensive theory of decision making
. does not exist. Second, decision makers face rapidly

; changing conditions in the problem environment (Sprague,
§ 18980:148) .

" The DSS must be developed in stages or iterations.
" This means the LSS literally evolves into the systen

" the user wants. l'he evolution of the USS relies on

three elements: the user, the builder, and the DLSS.

G

‘he following is a simplistic recipe for building a

v

DSS. An initial problem definition and system design

a1

are described and developed. 'The system design is

-
-
‘»i.

~
-

evaluated. The user provides feedback and alterations

-

are made depending on the current decision environment,

b perception of the decision maker and new technoliogical
‘n capabilities. 'the iterative nature of the development
allows the USS to incorporate the most current understanding

from the user and provide the specific support s/he

. -1
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needs. ''he cycle of iterations is very rapid and may
take onily minutes to complete an alteration. ‘this
dovclopﬁnnt process is caliled by many names but the
mogt common ig “adaptive desgign’.

Une strength of adaptive design is hidden in the
process. Alavi points out the fact that as the user
and builder iterate through the development of the DSS,
learning takes place. “The user and designer wilil ‘learn’
about tno.docision task and environment, thereby identitying
new and unanticipated functional requirements” (Alavi,
1984:49) . |

Hogue presents a iist of the ‘'shoulds’ that adaptive
design strives to produce as a DSS is developed. “Small
tentative lylt;nl should be built, used, and modified
a8 needed. ‘he system should reflect the user’'s decision
making style. ‘The user should be an integral member
of the deveiopment team. ‘The system shouid be built
quickly, using the lLatest computer hardware and software
technology. DVDevelopment should be in the hands of the
user rather than computer design professionals’ (Hogue,

1984:77) .

%.11 ‘the PLP and the Adaptive Ulesifn:

‘'he above digcussion points out five characteristics
of adaptive design. ‘'he characteriztics are:

i) Semi~ or un-gtructured problems.
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iterative process.
3) User - builder learning.
4) Specifying the user’'s decision making style.
%) Hapid alteration turn around time.
hese characteristics set the requirements for defining

a problem space. A problem definition or description

is necessary because it establishes the base for the

initial DSS design.

T'he adaptive design approach does not demand a

full set of system requirements prior to development
of the LSS. However, adaptive desgign does require an
initial understanding of the probiem 20 the iterative
process can start. ‘Therefore, a method of capturing
the best possible understanding of the problem is necessary.
The PLPY described below is designed to give the user
and bdbuilder a sgtarting point for their USS design.
‘'he PLY provides a description of the problem space,
including a list of key decision elements, a method
of representing the LSS design, and a forum for system
evaluation.

‘'he PUY has three key elements. ‘I'he first element
uses concept mapping techniques to describe three phases
of the problem. 'The second element presents a pictorial
representation of the LSS so the user and builder can
negotiate system requirements. ‘The final eilement establishes

the criteria for judging the USS design during that

t LY
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iteration. ‘There are more detailed discussions on these
three elements later.

How does the FLY meet the characteristics ot the
adaptive design framework’? ‘I'he first challenge to answer
must be Sprague’'s reasons for the inability to ilist
the full set 0f system requirements before development.
‘he second challenge is to show that the PLY does meet
the requirements set forth by the USS characteristics.

T'he PVP process includes the use of concept mapping
as a capturing tool for the probliem definition and ident-
ification of key decision eiements. Concept mapping
is based on a theory of sgtructured mental storage and
linking. Various theories describe the cognitive functions
of the mind which include how the mind makes decisions.
(See chapter $) Thus, the heart of the PLY is based
on an acceptance of a theory of cognitive thinking and
decision making.

Concept mapping also aids in answering Sprague’s
second reason. Concept maps capture the current under-
standing of the user. Concept mapping is a process
that is quickly performed and easily interpreted. Hecause
of the technique’'s flexibility and rapid construction,
it works very well in a changing environment. Also,
eﬁo PLY will iterate as often as the other step in the
adaptive design. ‘hus, as the user and builder °‘learn’

and change their perceptions, the PLY will provide the

L
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vehicle to support the modifications.

The PLP strategy can be applied on the entire range
of problems, from structured to unstructured. it captures
the best understanding that the user has of the problem.
lts oniy ilimitation is the user’'s misconception of the
probiem which is inherent in a DSS.

'he power of concept mapping is enhanced by the
variability in the environment. As the user and builder
“learn”, these changes in understanding will be expressed
in each new iteration of the concept map. ‘('he concept
maps will also reflect changes due to the decision making
environment and task. Concept maps made by multiple
users or experts lend additional understanding to the
description of the problem space and decision process.
‘'hus both the degree of structure in the probdiem, and
the limitations of the mind to describe are countered
within the PDP.

Another characteristic of concept maps fulfills
the requirement that a LSS shouid be based on the decision
makers style. Concept mapping captures the user’'s under-
standing of the problem and elements of the decision
process and translates that meaning to the builder,

Since the description is the user’'s:, the USS designed
from that description inherits the user’'s decision making
style.

'he PLP itself is an iterative process. Several
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0f the steps repeat and iterate while producing just
one iteration af the design. As the design requirements
change, the various steps in the PLP act to incorporate
the modifications. KEach of the steps are relatively
simple, easy to do, and can be readily manipulated.
This feature of the process fits in well with the iterative
nature of the adaptive design, and the reduction in
turn around time for each iteration.

here is one lLast feature of the LY that is not
a requirement of the adaptive design, but is extremely
important to any system design. LEach of the three elements
of the fYULY provides a historical record of the DSS as
it is developed. ‘This record can be used in a variety
of ways. A USS design manager could use the information
as & cost justification record. Meador claims that
managers need cost benefit figures. “Hefore approving
large scale LDSS projects most manigors need evidence
of some concrete benefits to offset development costs’
(Meador, lU84:14%7). By having records of smaller projects,
realistic cost comparisons can be made. Another use
for the records would be in desgigning other DLSSs from
the same problem domain. Information about a LSS built
for scheduling aircraft maintenance may be usetful to
the designer of a LSS that scheduies air crew training.
These records would give the user and builder a head

start on understanding the problem space and elements

93
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of the decision process.

5.20 The Process:

‘'he process that is being proposed is nothing more
than a method of requirements determination. Yadav's
paper surveys the arena o! requirements determination.

OUne of his findings is that a user "needs a methodology

to carry out the process of information requirements
determination systematically” (Yadav, 1985:5). Yadav

goes on to show tn;c "the methodology provides a procedure
to understand an organization in order to r04uco a possible
incongruence between actual and perceived requirements.

lt also provides a tool to help describe orgapizational
functions in thq form of a conceptual model” (Yadav,
1985:06). Figure 5-1 gshows a diagram of Yadav's method

of determining the requirementsg for an information sygtem.

Drawing from the methodologies suggested by researchers
like Yadav, Hira, Davis and the experience gained by
helping other students in designing their LSS projects,
the PP was developed. 'The PLP i8 a tool for deveioping
the actual design specifications of the prototype LSS
and then aiding its expansion into the full gsystem.

The rYLY also doubled ag a monitoring device to keep
track of the researcher’'s progress and as a guide for

the next set of actions.
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Requirement User's Ming
‘
; j Actual i Percewveg
s | Requrement | Requsrement
Yy l..'__|----..--_l
b L : Possible ncongruence
v e Detween actua ana
1.t 5 . percewved requsement
' fo==—tentee—-
4 | Stugy of User Neeas |
o | andthe structwre |
. | and processes of the |
¢ | Orgsnzavon  4-
[} !_ —r- o
menznuunmuan

s L : reguced incongruence
f s sEEmessseT
! H 1 : Ebmination of mconsistency
:: 1 De "wu : mwx:“mw :--: Ekmunation of ncorrectness
& ' Mode! '"“J : Eumwnation of ambigurties

______ ym——————
: :___ _____ : Formal Spect!.cation
Y r : of Requirements
R jmemmmmte e
3 H information System Design |
' [ P,
N
b
: Figure 5~1. User's formal and correct requirement
) and the corresponding information system design.

(Yadav, 1ly83:0)

As mentioned above, there are three key elements

"y to the PLP. Each step within the eilements 18 explained
below. ‘This igs a suggested strategy to use in developing
the design specifications of the USS from inception

to full operation. ''his method fits within the iterative

nature of adaptive design and is intended to be iterative

itselt.

Ve - -
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Davis surveyed the current field of initial requirements
determination and identified four strategies. ‘hesge
strategies are: 1) asking, Z) deriving from existing
information system, 3) synthesis Ifrom characteristics
of the utilizing system, and 4) discovering from experimenta-
tion with an evolving information system (Davis, 1982:12).
The PLP strategy., as described below, actually
incorporates the majority of these strategies. [Kirst,
the PLP uses concept mapping in the direct asking type
of strategy. As Davis points out, asking yields satisfactory
results especially in the higher structured problems.
Deriving from existing systems can be easily done
with the built-in record keeping function of the concept
maps, feature charts, storyboards, and evaluation criteria.
As mentioned above, this information will aid future
DSS designers working on similar problems, as well as
being a teaching aid for new designers.
Adaptive design itsei? exploits the third and fourth
strategies of requirement determination. By rapidly
buiiding and modifying the system and using ready built
hardware and software, the user and builder create the
system requiremenits with each 1eoration. 'hug, they
use the knowledge built into the current technology
and the “learning through experimentation” to delineate
the final LSS requirements.

I'he following discussion explains the steps of




v I the PLP. PFigure 5-% depicts the steps of the PP in
a time Linoar.rolationsuip. Generally, the first iteration
. will follow this sequence. After the first iteration,
o the steps occur in the sequence that the user and builder
decide is most appropriate. As the design team evaluates
& various parts of the DSS, they will find needs for changing
K the current design. ‘'here igf nothing wrong with returning
to the problem definition step and progresgsing through

the entire process. However, most designers will return

!
-
; to the step in the process that is affected by the change
L
a and make the alterationg. ‘l'his strategy speeds up the
o
, iteration and aids the collection of design requirements.
e
¢
0 B ' ’|
' - - -
3 ! Problem Definition Process (POP) |
W l i .
; -
" Flag Feature Stor Evaluation
‘ Charts  Boards K |
e Problem ' ' !
b ? Description . ! E

? 'i i R !
- t | 1 ! i !
R S - ; ' j N ‘
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? Figuro 5-4. ‘the Problem Letinition Process (PDP)
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.21 ‘The Vdlag:

The flag is an indicator. It alerts the decision
maker to the existence of a problem. Some control mechanism,
or gut feeling will raise a signal flag informing the
manager that a problem or opportunity exists. ‘'he manager
may recognize that the problem is suitable for a USS.
Unly then can he take action to begin the design and

development of a decigion gsupport system.

.22 Problem Lescription - ‘'he Hole of Concept Mapping:

The first stage in designing a DSS is to identity

the key decision(s). Keen talks about laying out the
key decision(s) witnin.tne framework of the probliem
space. “‘l'his helps identify which decisions are of
most importance for effective pertformance and, of course,
which may benefit from decision support. Ilf one then
assesses the quality of informational and analytical
aids for each key decision, one can begin to get a sense
of potential priorities for more detailed analysis-
(Keen, 1978:173).

10 identify the key decision, Keen suggests a cycle
of steps for the predesign phage (See Figure 5-3).
ln this cycle, Keen's emphasia is on the first step.
'he step calls for a deacriptive study of the problem.
"I'he major aim of this predesign cycle is to make sure

that the right problem ig worked on. ‘'here are , of

9y
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course, many interactions within the cycle; objectives

influence what the key decision will be and the areas

" %o be supported partiy define available resources and

A .

4; vice versa“ (Keen, 1978:173). His recommendation to
designer's of a USS is to compiete two full iterations

o of the predesign cycle before beginning the detailed,

ﬂ more formal definition of system requirements and specitic-

ations. However, with tools like concept mapping and

the overall strategies built into the PLP, two cycles

:l' are not necessary unless it's the choice of the team.
.9
i
g

: Decision Anelysis Enery

A Monitor end deecride the current Idantity degree of

- JeCision process commitment, key interests
. and perspectives. buiid
:‘. mamentum {or change
f
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Y decisions Define
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:" and congtramnts on
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b Figure 5-3. ‘he Predesign Cycle (Keen, 1978:174)
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Keen‘'s cycle demonstrates the importance of the
problem description phase. Keen believes that by attaining
the best description possible, the user and builder
can define the key decision and elements that make up
that decision. ‘'he description phase is exactly where
1 the concept mapping supports the development of the
: DSS. In the PVP the descriptive phase has three steps.

. ‘'hese three steps are the problem definition, task analysis,

and the data analysis. Concept mapping provides a vehicle

- -
5.

or tool for the degign team to fully describe the problem.

5.221 Problem Definition:

o The first use for concept mapping is to define

§ the problem space. 'I'he user constructs a concept map

a based on his understanding of the problem. He attempts

‘ to define what the probiem is by showing the key concepts
; invoived in the problem and how they link together.

' This map is then used by both the user and builder to
negotiate the meaning in the map. ‘l'his negotiation
actually is an titeration of the definition because

the user must fully explain or restate confusing portions
of the map so the builder ‘learns’ and understands.

A 'he map becomes a graphical representation of the

\ problem space. Since the concept map is the road map
that the design team is following, put it on large sheets

N of paper and hang them on the walls for all to see.
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By always keeping the map up in front of the design
team, changes in decision environment, decision task,
or perceptions can be quickly located and recorded.
Maps from several users or muliltiple maps from the same
user, created over time, can be compared and evaluated
for the combined understanding and identification of
key concepts and misconceptions. /

'he map also depicts the limits of the problem
space. ‘the links and concepts show the boundary of
the problem and may even express it explicitly. ‘l'hus
the map allows the design team to understand the problem
and identify the bounds on the prodbiem as perceived

by the user.

9.422 Task Analysis:

The second phase 0f the problem description uses
concept mapping to identify the key decision elements.
Traditional computer design would call this phase the
task analysis. A task analysis is the listing and
sequential ordering of the individual tasks necessary
to solve a problem. 'T'here are a variety of methods
designed t0 accomplish thig task, such ag flow charts
and pert charts. ‘'l'ask analysis, used in this sense,
operates on very highly structured problems. ‘''he task
to be captured by concept mapping i® the individual

processes that are used in the solution to a gemi- or
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un-gtructured problem. In this sense, the ordering
of the task is not necessarily iinear or sequentially
well defined.

There are other methods that are being developed
to identify key elements in the decision process. OUne
of those methods is C-NAY. C-NAP as proposed by Hira
and Mori attempts to determine the need statements of
a problem. In their probdblem analysis phase is a task
called °‘structuring the problem’. ~“In this process,
complex factors are arranged in order and critical points
for problem solution are found” (Hira, 198Z2:118). The
process seems to be a mix of traditional task analysis
and cognitive task identification. 'he big drawback
of this process is the reliance on a gtructured problem
or process.

buring the task analysis phase, the user constructs
another set of concept maps concentrating on his/her
perception of the decision process. ‘'he purpose of
these maps is to idontity the cognitive task necessary
for solving the probdlem. The user describes the process
s/he would use to solve the problem. In reality, the
user activates his K-lines, or the ones he thinks are
most appropriate, and records the results. ‘''he map
captures the events or cognitive tasks in a graph.
The order and specific sequence is not represented except

in very structured problems or in the structured parts
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of unstructured problems. Hut, the elements ot the
decision making process are captured. ‘This map can
then be presented to the rest of the design team for
another negotiation of meaning.

Unce the decision process map is constructed, an
evaluation of the key decigsion elements is undertaken.
T'his is not a formal evaluation, but an informal search
for the kernels from which a USS could be built. ‘I'he
design team lists all of the possible kernels and their
role in the overall decision process that were found
in the process map. Chapters € and 7 will demonstrate
the problem description process and show cno-many kernels

identified from a variety of problems.

U.4225 Data Anailysis:

‘‘he third and final phase of the problem description
comes directly from traditional computer system degign.
Unce the process maps are constructed, they can be used
to establish the input and output specification of the
system.

Concept maps from the task analysis provide the
graphical representation of the processing taking place
in the system. By adding the input and output parametaers
%o the events represented on the process map, the desgign
team has a pictorial representation of the data require-

ments.
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‘'he data analysis is a rather simpie pProcess because
it works with very highly structured parts of the probdblem.
‘‘he design team takes the task analysis maps and identifies
the type, format, and form of intformation required and
lists it on the concept map. 'his identification is
accomplished for each event or process taking place
in a decision element. ‘I'he same procedure is followed
for the output as well., After all the input and output
identifications are made, a complete set o0f data requirements
are compiled and form the beginnings of the system roquiro;
ments. in actuality the user did not construct any
new maps, but modified the task analysis map to reflect
the data requirements.

The three elements of the problem description work
together to present a complete picture of the problem
space. 1t may have taken several iterations among the
three sets of concept maps, but the best understanding
of the problem space is understood by the design team
and is represented in an easy t0 review and modify format.

Unce this information has been collected, the initial
design of the DS is ready to begin. for each ot the
identified kernels the team needs to create a set of
feature charts and storyboards depicting a pictorial

representation of the LSS and {ts functions.
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5.43 Feature Charts and Storybdoards:

W R N

in the phase of the probiem definition process,
o the design team takes what they have discovered from
o descridbing the probdblem and starts to form it into a
\ description of the LSS. ''he two processes, feature
N charts and storyboards, are off-shoots of the HUMC approach
" of Sprague and Carison. The foliowing discussion takes

a brief look at the these three topics and their role

K in the PLP.
X Spra‘ue and Carlson made five observations about
decision makers. ‘First, decision makers have trouble

. describing a decision making process, but they do seem

o« to rely on conceptualizations, such as pictures or charts,
{; when making or explaining a decision. Second, Simon's

L}

A

" intelligence-design-choice scheme can be useful in categor-

izing decision maker’'s activities, even though the decision
] making process may be difficult to explain. ‘Third,
A decision makers need memory aids. Fourth, decision

makers have different styles, skills, and knowledge.

g Finally, decision makers expect %O exercise direct personal
'

E control over their support ™ (Sprague, (YP82:98-99).

1 'hese observations led them to propose the HUMC approach

; to USS design.

§ The HOMC approach is a process independent approach

; to defining the requirements and specifications of a

g DSS. Their original recommendation was to use flow
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! charts, input-output models and other pictorial devices
to represent the different parts of the LSS. ‘The four

components of the RUMC approach are H-Hepresentations,

o

- g -
-

ﬁ U-Uperations, M-Memory aids, and C-Control mechanigms.

! 'he USS is divided up by the four components and desgcribed

T with respect to each of them. ‘This makes the RUMC approach

;E ‘a framework for identifying the required characteristics

. and capabilities of a specific USS~ (Sprague, (98Z:1106).

; As a framework for design, HUMC works very well.

\

k‘ RUOMC's guidance provides the design team with the basic

- tools to describe and depict the VSS. However, feature

? charts and storyboards, which where derived within the

g RUOMC framwork, provide much clearer and more flexible

. description tools. ''hese tools enable the user to “see’

’e the design of the LSS as it is developed.

h Feature charts provide the process aspect of the

. LSS. “The feature chart shows the features of the gystem

. with which the user interacts. ‘''hese features are the

s representations, operations, and control mechanisms,

;; as well as the supporting memory aids  (Seagle, 1lV8G:13).

vs Figure 5-4 shows a feature chart from a DSS design

: 48 & Cclass project. Lach symbol represents a specific
component o0f the LSS. Solid lines depict control transter;

S

E parallielograms depict menus; curved rectangles are

. files; and plain rectangles show operations.

:

b Y
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Figure 5-4. Feature Chart :

The feature chart gshows both the user and the builder
the perceptions of the USS and the user’'s needs. 'his !
chart shows the data fiow, points of control, and proposed
paths of sequentially ordering th; processes. ‘l'hus, :
the feature chart is a pictorial for the design team :

to negotiate the initial LSS design.

Since the feature chart lays out the organization

-
v

of the system, the storyboard details each component. ]
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Andriole offers a tool to the design team that exploits

both the RUMC approach and the human’'s desire to describe

things with pictures. OUne way to explain a storyboard

is to look at a comic strip. kach frame in a comic

strip shows a different picture that supports the story

iine. The DSS storyboard does the same thing. kach

" frame is the proposed monitor screen that the user would
see when the LSS is up and running. Comparing it to

! the feature chart, each component on the feature chart

i would have its own frame in the storyboard. 'hus, the

user and the builder would see and agree on the user

) intertface.
;%
& This storyboard carries a lot of information.
5 The user designs the frame by putting in the necessary
Q '
? information, suggested output format, and desired controls
L)
§!
{ for the operation. It also lets the user have a forum

5 in which to describe the underiying operation that would

*

; take place. The builder gleans the requirements from
&
4

W the frame dealiing with the data file and processing

W interactions, and input/output formatting. ‘lhe builder
R)

$ can aiso use the frame as a forum to describe alternative
>

20 } .

ity formats and controls. Storyboards, just like concept
£y maps and feature charts, are communication devices that
R4

o help the design team t0 determine requirements for semi-
e

- and un-structured problems.

B )
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%.44 Evaluation:

he final phase of the problem definition process
is the weakest. Very little has been written on the
subject of LSS evaluation, but this is the key issue
in designing and successfuily developing an effective
decision aid. Much more research and development on
the criteria tor evaluating the storyboards, feature
charts, and concept maps needs to be done.

As of this writing, the best recommendation for

criteria lies in the common sense of the design team.
However, four areas may help to focus the evaluation

N of the DSS design. These four evaluation areas are

{» _ derived from Spraguo'and Carlson’'s four measures of

: DSS evaluation. ‘These four measures are: () Productivity,

" 4) Process, 3) Perception, and 4) Product (Sprague,

x 1982:160).
0 'he design team shouid review the products of the
5 POUP with regard to several points of view. First, the
ﬁ user interface should have little if any distraction.
ls the DSS, as designed, easy for the user %o learn
I and use? How often does he need to use the help function?

Y Second, has the decision environment, task, or user
perceptions changed” 1lf something has changed, what

are the effects on the desgign? 'Third, look at the service
that the VSS is providing. Does the USS support the

decision maker in the actual problem or is it not accurately

P -
4 " T e
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focused? Loes the LSS support other problems that were

A N S

not initially stated in the design’ 1lf so, does this

- *

extra support distract the user from the primary purpose

of the LSS8? Finally, the design team needs to look

- -

at the productivity of the ULUSS. How well does the LSS

perform? ls it worth the cost of development and continued

- r W
e .

use?

P
- =

While little has been written on the subject, one

-~

paper is noteworthy. Adelman, Kook and Lehner evaluated

five USAF DSS prototypes that aid tactical decision

L S L - e

making. 1To complete this assignment, they developed

a4 questionnaire that looked at three separate interfaces.

-

The three interfaces are the LSS/user, the User-US8S/

Y V-

Orgtnizttion. and the Organizationlﬁnvironmont. (Adelman,
" 198%)

n Although the resuits of the evaluation are not
important to this paper, the fact that an evaluation

could be approached in this matter is. ‘''hese are just

L Al e e

two examples of the many ways an evaluation could be

structured.-and implemented.

> -
" J

o

- -
oy

5.4% Kernels:

" This entire process of determining the specification
can be done in two ways. ‘l'he choice is based on the
design team and how they view the problem space and

its kernelis. VFirst, the PLP can operate on one or more

T -
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:: kernels at a time. For very large problem spaces with

A many kernels, this is the recommended approach. 'his
ﬁ approach breaka up the design into smaller chunks or
“4

" pieces. ‘The advantage in chunking the USS design is

t0 allow the design team to develop kernels and groups

0f kernels at different rates. ‘'he rate is based on

the user’'s understanding of that portion of the probiem

and the capability of technology to support the development.
) Thus the design team gains the ability to focus scarce

g resources on feasible and more highly promising parts

of the DSS.

X As the szspecifications of these pieces of the overall
VUSS are collected, comparisong and evaluationa among
; the kernels ;nd their roles in the DSS can take place.
E 'hese evaluations give upper management the information
3 they need to manage the development of the DSS.

‘‘he second strategy allows the PLP to establish

the design requirements on all the kernels identified.

” 'nis should be used when developing a simple LSS. ‘This
N . approach makes all kernels of equal value and progresses
Ry

[}

L{

& them at an equal pace in development.

)

¢
g

; .30 Conclusion:

) ‘his chapter presented two key isgssues. ‘l'he first
2 issue was the need for an adaptive design for LSS develop-
) ment. A DSS was shown to be an aid for problems that

Y

Y
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g lacked structure and could not be defined by a compliete
. set of requirements prior to development. 1Theretore,

. this type of system needed to Be developed in an evolutionary
' manner. ‘I'he second issue proposed a method (PDP) and

. the tools (concept mapping, storyboards, and feature

j? charts) to determine the requirements for a DSS. ‘l'he

; method divided into three major elements, each with

separate steps and toola. 'he PLY waa proposed as an

g iterative process that evaluates the design and records

.3 the DSS modifications.

; Chapter 8 records the results of experimenting

3 with concept mapping as a tool for acquiring the problem

;E definition and identifying the kernel. Later in chapter

f ¢ are examplies of concept mapping’'s integration into

3 the design phase of a DSS through the adaptive design

'%

approach.
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" Chapter &

Examples of Concept Mapping Applied to Problem Vescription

6.00 Llntroduction:

This chapter is a compilation of examples. Several
exercises in DSS design are listed as examples of actual
a - applications of the concept mapping technique. ‘'hese
‘ exercises explore a variety of problem domains.

\ A short digscussion introduces each example and

{ then shows the results of the concept mapping exercise.
)

- 'he concept maps that either define the problem gpace
; or describe the decision process are shown in accompanying
o

? figurea. In some of the examples, a table lizta the

. kerneis identified in the exercise. 'I'wo of the exercisges
ﬂ also inciude the entire LSS design showing examples
? of concept mapping, feature charts and storyboards.

) 8.0 Source of kKxamples:

'hege problems came from three sourceg. ’'l'he tfirst

; problem ig a test case problem. Lt demonstrates to

- analysts what a concept map looks like and how concept

' mapping can identify the kernelis in a DSS design. The

3 rest of the examples are actual LSS projects derived

from either class assignments or thesis proposals.
ﬁ
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.02 Crude Maps!?

‘'he maps listed in the following exercise are,
in many cases, the map exactly as it wag constructed
and finalized from the interview. Consequently, the
maps appear in a crude format.  ‘lhere are two reasons
the maps are left in this crude gstate. The first reason
is to show the new concept mapper that although neatness
is helpful, it 18 not absolutely necessary for the transgter
of understanding. ‘'he crudenesg of the tool does not
detract from the communication ability.

'he second reason for the crude state of these
maps is to show that maps need to be flexible and created
quickly so as not to stifie the creativity of the source.
buring the interview the concept mapper needs to concentrate
on the source and capturing his/her concepts and links.
lf the concept mapper worries about neatness, the constant
‘fixing’ of the map will distract the source and may
even lose the meaning.

There is plenty of time after the interview to
clean up maps. Hy using the audio tape recordings,
details can be added and hierarchial relationahips checked.

Formal presentationg and reports may require the analyst

to formalize the maps similar to the style shown in

the next chapter. For the adaptive design process,
the original maps in their original format, prominently

displayed, is enough to keep the problem tocused tor
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% the entire design team.

.03 Why the reader may not agree with the kernels:

The kernels identified are based on the perception
of the user who created the map and the reader who is
interpreting the map. With two different people reading
the same map, different kernelis may be identified
. because of their perceptions. ‘lhis means the team of
Q DSS designers, users and builders, must agree by negotiating

the meaning represented in the concept map. 'I'hen the

team can ligt and evaluate all possible kernels %o determine

‘o the key kernel(s). This selection of key kernels sgsets

~ the DSS°'s style, design direction and the team’'s perception

of the problem solution process.

wae

- el

.10 kxample L - Huying a Car:

=f When concept mapping was first congidered aa a

i technique for problem definition and kernel identitfication,
] it needed a test case, or test problem. ‘'he purpose

for this problem was to demonstrate to a LSS designer

the abiiity of the concept mapping technique. ‘lhe problem
had to be a reasonably good forum for a USS and yet

; common enough for any designer to relate to easily.

( The problem chogsen was °‘buying a car’. ''his problem
space had one big advantage. ‘Buying a car’ was a decision

most people have experienced. 'This meant decision makers

) 119
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already had many of the decision processes established

in their minds and could readily recall them. The concept

mapping technique was then introduced to the decision

maker without worrying about having to teach all the
details of the problem. Thus, it made a good example.

The observers were relatively familiar with the problem
domain and were able to concentrate on the concept mapping.
The ’'buying a car' problem has been the main example

in every introductory presentation of concept mapping

to date.

With the problem domain chosen, a concept map was
created to show the tasks in the process this author
would use. The map is shown in figure 8-1. DBased on
this map several kernels were identified. Some of them

are listed in table 6-1.

Possible Kernels for a DSS on ‘'Buying A Car’

Working the BUDGET portion of the decision process
= Cash flow sheets for monthly bills
= T-accounts for savings
= Loan/Interest payment models
= Leasing payment models

Checking the Market
= Data base on maker's offers and inventory

Buyer Wants
= Data base to list and rank user desires

Other Options

s Data base on each of the available alternatives
s Cost modeling on each of the alternatives

Table 6-1. Possible Kernels
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.30 Example J - Adams ' ‘l'anks:

Capt Bill Adams’ initial thesis proposal suggestea
a DSS to assist the decisgsion makers of the U.S.Army
in distributing tanks to various units. Consequentliy,
he worked on developing the definition of the problem
using concept mapping. After several interviews and
a variety of concept maps, he determined that DSS was
not the best way to approach this problem because the
structure of the decision..

he exercise with Capt Adams was not counted as
a failure. ''he concept maps created did show the problem
space. Also, the concentration required on his part
helped him to understand the probiem more cliearly.
Finally, valuablie time Qns saved by not pursuing an

inappropriate solution method.

6.40 Example 4 - Pilot lraining Scheduling:

Capt Paul t'rapp and Capt Jeff Urechanik chose to

build a USS that assisted a scheduler. The resources

that needed to be scheduled were pilot trainees and

instructors. Hoth officers had held the position in

earlier assignments. ‘l'herefore, both were taken to

be the experts ag well as the builders.

'his example held two noteworthy events. First, \

this example was the first to apply concept mapping !
l

|

to the actual design of a DSS and also continue the

1241
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process through to a fully operating prototype. Secona,
it was the only example of a USS design that used more
than one expert. Multiple experts would not be encountered
again until concept mapping was applied to the Rapid
Application of Air Power problem space.

Several specific steps were taken to concept map
the problem and decision process. First, each expert
independently prepared a iist of what they thought were
the key concepts in the scheduling problem. Most of
the concepts were events, tasks that the scheduler needed
to do. from these lists the builders grouped and time
ordered the concepts. ‘Table 6-%a through 6-%c and figure
t-3a show the concepts chosen and reordered by the builders.

Unly after each expert had thought through the
exercise of key decision processes and ordering did
they come together and build their first joint concept
map. ‘I'his tirst map accomplished two key goals. ‘l'he
goals accomplished were: 1) defined the problem space
t0o a mutual agreement and understanding of both experts
and Z2) taught this author about the intricacies of sched-
uling. bDuring the exercise, many discussions occurred
between the two builders concerning the other’'s choice,
placement and grouping of concepts. ‘'he resulting problemnm
definition map is shown in figure 86-4b/c.

Several interviews were held. ‘l'hey resulted 1in

4 series of maps that attempted to capture the process

144
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N a scheduler went through in his daily selection and

Key ltems to Yerform Daily

g # Check yesterday's schedule to make sure all flights

) went as scheduled.

N - Note deviations - find reason (weather, sick,etc).
) - Update boards.

K » Gather all inputs for tomorrow's schedule

' - Who's available?

N - DNLF.

@ - IDY.

2 - Leave.

i - Academics.
- Appointments.

N % Determine all tiying/training/ground events to be
' filled.
e - plights.
X - Simulators.
& - Academic Classes.
”t
ﬁ * Kill lines.
- Make sure formations match missions.
- Students first. ,
- ©Shuffle fnstructors 8o that they re assigned correctly.
o # ¥ill academics first.
il
b
" # KFill duties second (important duties).
- Big 9.
- Hamp officer.
- Appointments.
- 8 0 F.
3 * Kill piddly stuff last.
- R CO.
. - Appointments.
1: - Meetings.
p) ®* Decontlict throughout schedule.
& Table 6-Za. Urechanik's list of keay concepts.
b
-
"
y
y
(4
?

129

L0 2, L LS Co i n )



Key lLtems to Perform Daily

# Fill in grease board with times, simulatorsgs, academics,
meetings, which ride student’s on.

* Deconflict academic classwisge

# Kill in instructor absences, LANLlF, meetings, on the
decontliction board.

# pill in set rides such as check rides, LU flying
with squadron.

* LOook at graduation dates or class or individual furthest
behind (red dots only fly once).

# Kill in student names and which ride they are on.
* Look for type rides (air-to-air) or (air-to-ground).

# Put in student names with a match from the ride they
are on compared to the configuratxon of the plianes at
a specific take-off time.

% Fill in exclusive periods for each class first using
previous step .

# Match LlP to gstudent names according to squadron rules.
For example, the 434th has a primary and secondary 1P
assigned to the student. l1f neither the primary or
secondary lP is available then match the student with

a LlP from his flight. If none of his flight is available,
then any LP will do.

# lterate all steps.

Table 6-Zb. ‘I'rapp’'s list of key concepts.

¥
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Urdered Key Concepts
1) Ensure data from today’'s Schedule is updated once
flying is complete for today's schedule.
(night before or first thing in the morning)

2) Write up the shell on tomorrows portable grease
board.

3) Write in hardlines.
4) Write in DNIilFs, leaves, RCOQO, SOF (duty hog).
$) Talk to Big ¥ (Sq CC, Ups VUff, Ast Ups 0Uff).

8) Write 1h academic SChQGU{. classegs and instructors
(weekly) .

7) Matching process:
a) students <---> ingtructors
l) Look for assigned instructor
4) Look for iP in Flight
4) Look tfor anyone

¥) Schedule Big 3.

. 9) Schedule gsimulators.

10) Schedule duty hog.
11) Fill in deconfliction board.

12) Write daily grease board up on large board -
Go KFILEM @ " FLIRM TIiIME-

Table 0-Zc. ‘Irapp’s first ordering of key concepts.
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Figure 6-3a. Urechanik’'s ordering of key concepts.
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Figure 6-3b. Concept Map: KFirst cut at Problem Space.
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matching of resources. 'he final map, showing the combined
understanding of the process, is shown in figure 6-3d.

From this map, Capt ‘'rapp and Capt Urechanik identified
four key elements in the scheduler’'s process as kernels.
'he kernels used to center the development of the final

DSS are listed in table 6-2d.

Kernels for a DSS - ‘Pijlot Yraining Schedule’

- lnstructor Availability #
= Input format for individual access
= Helational data base instructor/qualifications
- Student Availability =
= Helational data base instructor/requirements
= Sorting routine by requirements
= Prerequisite identifier
=  Urouping routine by class and activity
- Shell (Daily schedule sheet)
= Automated spreadsheet showing today’'s activit-
ies based on academic and flying schedules.
= Data base of Academic schedule
= Data base of available resources
(Planes, 'l'ake~-off times, Hange times, Weapon loads,etc.)
- ©Student Llnstructor Selection #
= Automated assignment routine/expert system
which matches student with activity.
= Routine which automatically updates the student
availability data base.
= Automated assignment routine/expert system
which matches ingtructor with student.
= Houtine which automatically updates the instructor
availability data base.
- Alterations on Today's Schedule #»
= lnput data of altered schedule.
=z Update student and instructor data bases
2 Update current shell
= Jldentifiaes changes in today’'s schedule that
need action.

®* Key Kernels

1'able 6-4d. ldentified Kernels
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'
U.50 Example 5 - AWACS Manpower Manager:

Maj Bill Schneider’'s thesis effort looked at the
management O0f manpower resources in the various posicions
required by the AWACS system. He built a DSS that assisted
decision makers in maintaining manpower, training qualificat-
ions and experience levels.

Maj Schneider used concept mapping to scope the
problem and define the problem space. His resulting
concept map of the problem is shown in figure 6-4.

From this understanding of the problem space, he went

SR

on to full production of a prototype USS. His prototype

demonstrated that the goals of manpower management,

SO

outlined in this concept map, could be supported and

maintained.

- ‘*a g’
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|
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rFigure 86-4. Concept Map: "AWACS Manpower Management’

131

SR, L ST N N RN RN ARG A M N LRSS LR SRR NN S, v MDY
[ e = L) g M N o K ]



vt ok il 8 h Vel ad fae tit bas Mag nd 9am bR Vil L . o a8 et 2% 1% h atE AR R R aM nd xth alp et atiiafRc bRt at gav fav gas Ea® Gat G20 @ 0 gu® Bob Po% BT o0 P + 8.8

R ¢.60 Example 8 - 'actical Nukes:

For TACY 7.61, Command and Control, Capt HBob Bivins
and | established the system requirement for a prototype
DSS. ''he only requirement from the course was to recommend
¢ the design of a LSS that would agsist military decision
K makers with a command and control issue. ‘lherefore
o we decided to obtain the system requirements using the

PLP approach as described in chapter 5.
; 'he problem chosen was an intriguing look at the
) question; °‘When should a theater level commander request
authorization for the use of tactical nuclear weapons?’.
f Since no expert was available, we conducted an extengive
E literature search of the problem and related issues.

I'his search plus our ten years experience in strategic

X
..-

nuclear missile systems, egtablished ourgselves ag the

T

-- -

best experts available.

The literature search revealed the existence of
| plans requiring the NATO theater commander to ask for
¥ the authority to arm the weapons from the President.
'he commander was required to justify the arming as

\
s
a & necessary and politically feagible action at that
W
]

time in the conflict. ln other words, the plans expected

the action to achieve battlefield objectives without

having to release the power. None of the tactical emplioyment
issues nor sgspecific conditions of release were addressed

in this DSS. Only the collection of information and

JR P
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evaluation of the situation which would assist the gommander
in making and justifying the request.
Appendix C holds the final report from the project.
All of the concept maps, feature charts and storyboards
are inciuded. This was the second example of uging

the Macintosh computer system with Mac braw.

.70 Conclusion:

T'his chapter was designed to encourage other analystsg
to use concept mapping and the problem definition process
in their next LSS development. ''he chapter has shown
a4 variety of decision support gsystems and problem spaces
where concept mapping and the entire problem definition
process was applied. ln every example the problem space
was more clearly defined by using the concept mapping
technique. 'This enhanced understanding of the problilem
space aided the designers in their search for the system
requirements and development of a USS prototype. ‘hese
exercises have given LSS designers a variety of examples

for the specific use of concept mapping i1n problem detinition

and kernel identification.
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Chapter 7

Application of Concept Mapping - RAAP

7.00 Introduction:

This chapter records the experimentation done by
applying concept mapping to a very large problem domain.
Recalling from chapter 3, concept mapping can be used
at any conceptualization level. Thus, a large, undefined
or fairly new problem domain allows the demonstration
of concept mapping at a higher level of conceptualization.

The following discussions look at the progression
of the experiment as well as the findings and observationsa.
The first discussion explains why the RAAP problem domain
was chosen az a test bed for concept mapping. This
discussion lists the several advantages which make RAAP
ideal for the experiment. The second discussion looks
at the facts of the experiment. Included in this section
are a background on the RAAP concept, the set-up of
the experiment, and the procedures of interviewing.

The final discussion reports the findings and observations
by dividing them into three categories: 1) results

from individual mappings, 2) aggregation of group data
into two maps, and 3) the general observations of the
experimental procedure.

Thias chapter has two goals. The first and most
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o obvious goal is to show the power of concept mapping
on a rather large and nebulous problem area. Quite

a bit of detail is reported in the following discussions

]
'l
':l
$ on the procedure and results of concept mapping in this
.l

domain. Under both the individual and the aggregated

e discussions are general comments about the maps and

g how they were created. The second goal is to relay

r the understanding of the RAAP concept to the reader.

: For this reason, large amounts of time and effort were

é taken to redraw all of the maps. This ensures the reader
i has the most effective map available from which they

§ can learn. Nérnally the map would not be formalized

; because concept mapping is a working tool for problem

f; definition and kernel identification.

o

N 7.10 The Advantages of the RAAP Problem Domain:

f. RAAP was suggested during the preliminary thesis

j proposal discussions as a problem that would be more

; complex than the DSS projecta. The problem space did

t reside in a much high;r conceptual level. This means

5 that the problem space crossed several knowledge domains
w and utilized a variety of cognitive and decision processes.
& From limited information on the concept, RAAP sgeemed

: to be an interesting yet advantageous problem domain.

. RAAP has several advantages for its choice as the problem
» domain: 1) convenience, 2) size of the problem domain,

\
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3) lack of universal understanding of the RAAP concept,
; and 4) the need for support of research and development
goals.

The first advantage of RAAP was its convenience.

)
\
\

AFIT had already made arrangements for Col Rothrock

to make a presentation on the concept of RAAP. This
allowed immediate access to the prime expert in the

field.

The second advantage is the shear size of the problem
domain. RAAP covers several knowledge domains and calls
for many types of human decision processes to be captured.
For example, the fusion of detailed battlefield data
into a complete picture of enemy actions requires collection,
counting, judgement of accuracy, collation of different
sources, tracking, and unit identification azs a few
of the elements o0f the decision process. This is just

one of the many decision processes involved in the RAAP

concept.

The third advantage was the lack of general under-
standing about RAAP throughout the military establishment.
Col Rothrock and Col Kline have spent several hundred
manhours briefing the concept of RAAP. Many levels
of the military and government establishments have been
exposed to the ‘new way of thinking®. However, literature
searches failed to retrieve anything significant that

described or explained the RAAP concept. This indicated
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» the newness of the concept and the lack of other authors
or agencies to think about enacting or implementing
N it. Thus, it was concluded that few people outside

of the Air Staff, a few contractors and Rome Air Develop-

I

ment Center (RADC) understood the concept. This lack

of universal understanding made RAAP an ideal problem

3 domain. °‘Experts’ were much easier to identify because

‘ there were so0 few.

The fourth advantage is that research supporting

,j RAAP is just beginning. The engineers at RADC are looking
o ' for -additional support in identifying the directions

. of research and development efforts. (Papagni, 1987)

: Since they are tasked with managing the roloarch'for

the RAAP support systems and building the demonstration

&‘,-}--.. R

prototypes, they would like to know several things.
1) What part of the system gets built first?
': 2) Why is one element more important than another?
!i 3) Why do we need this piece of the puzzle at all?
8 The Air Staff is also interested in the regsearch goals
and the direction that RADC is taking. By knowing what
E they need in the way of developments, they can assist

in the management of research and gaining financial

and political support.

! In the previous chapter, there were examples where
concept mapping identified kernel(s) for DSS projects.

N . By extending that process to the larger domain where
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several decision processes take place, the kernels identified

will be the key decision processes and major elements
of a decision process. This identification process
will produce a list of kernels for rolo;rchors to consider
as goals. Thus, an evaluation system could rank the
kernels in order of importance. A similar procedure
would be beneficial in the acquisition phase of a system
as a statement of initial requirements. If concept mapping
at this level can identify the kernels, then evaluation
of the kernel can. take place and a ranked listing of
the kernels produced. This final product becomes the
bagis for the advocate's request for funding and political
support (i.e. a planning tool).

Besides all the zivantages favoring RAAP as the
test bed problem for the concept mapping technique is

the fact that RAAP addresses itself to the field of

command and control. There is a great need for understanding

the decision processes in command and control. “Very
little time or effort has been spent uncovering the
processes by which command decisions are made; even

less has been spent describing the cognitive operations
which decision makers perform when confronted with compli-
cated and often urgent C? problems." (Andriole, 1982)

By using the concept mapping technique of RAAP some
ingight into the command and control decision process

might take place.
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It this insight doea take place, then the research

effort expended on the development of RAAP can take
the 'decision maker approach’. Concept mapping would
give the researcher the view of the decision process
directly from the user or commander's view. Thus, the
development would be built around user needs, not machine
capabilities. What is meant by the 'decision maker
approach’ is that the command and control systems would
be designed as supporting elements for the decision
processes that need to take place. Andriole calls for
this approach as if it were a necessity. °C2? systems
ought to be designed from the decision makers up, not
from the electronics capabilities down.” (Andriole,b1982)
Based on these advantages and needs, RAAP was chosen
to be the problem domain for this test of concept mapping.
One question remained. It dealt with the procedure.
Was the appr;ach that was used in the DSS examples adequate
for this level of conceptualization or were changes
required? Assuming the basic procedure outlined in
chapter one would result in the same or better success,
no changes were made. The next discussion records the

experimental procedure and the adjustments made.

7.20 The Experiment:

This is not an experiment in the true scientific

sense of “a sequence of observations carried out under
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controlled conditions” (Metcalfe, 1966). The experiment

is a trial. Using the concept mapping technique, an
attempt is made to achieve two goals. The first goal
is to identify key elements, kernelas, in the decision

processes of RAAP. The second goal is to build a map

that aids in trarisferring understanding between individuals.

The trial is not in a controlled environment. The expected

result is an increased understanding in the problem
and its decision process elements. Following is the

hypothesis for this experiment:

‘Concept mapping conveys understanding of complex

concepts, like RAAP, between individuals and aids
in the identification of kernels.'’
The measure of effectiveness or measure of degree of
accomplighment is the response !rpm the experts and
their eventual use of the concept mapping products.
In other words, the best measure of the success of the
experiment is the value the experts place in the maps
and the list(s) of kernels.

The main goal of this trial session is to see if
concept mapping can identify key elements or kernels
in the RAAP process. DBefore delving too deeply into
the procedures, there is a need for a short discussion

of command and control decision making and how RAAP

fits into the concept of operations employing air power.
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7.30 RAAP - Background:

‘There is no adequate foundation for a theory of
command and control and, hence, no guiding principles
for system design and evaluation® (Wohl, 1981:618).

This was the major finding of a Secretary of Defense
colloquium in 1979 on command and control. Unfortunately
littlie has been done to improve this situation since

the Secretary'’'s colloquium.

For too long command and control has been an art
form for only a few zelect commanders. The effort to
educate and train young officers as skilled tacticians
in applying air power is very weak. Even commanders
in Europe at the highest level of responsibility for
directing battle are not necessarily prepared for the
demands that command and control require (Suter, 1987).
Consequently, the emphasis in establishing command and
control procedures and ensuring that those procedures
take full advantage of the modern weapon system’s cap-
abilities is, to say the least, lacking.

*Western technology boasts a family of new weapons
and reconnaissance/surveillance systems with unprecedented
capabilities. Yet command and control of these forces
has not kept pace. Today an operations decision maker
would be potentially deluged with target information
that can describe and display floods of eligible targets

yet lacks an equivalent complement of explanatory information
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to permit weighing and prioritising those targets relative

= o 0m

to the combat situation coﬁfronting him. Without better

-

development and analysis of attack options, the potency
K] of the air arm is condemned to a reactive, target servicing
posture that makes regaining the initiative under the
: amalgam of combat pressures virtually impossible’ (Rothrock
; and Kline, 1987:8).

What is needed then iz a theoretical basis for
command and control and the procedures to enact the
N theory. Wohl insists that °“...a theory of command and
control must start with a theory of decisionmaking for
command and control.” (Wohl, 1981:618) In response to
this need of a command and control basis, came the concept
of RAAP.

RAAP is a new way of dealing with the information
. flow on a battlefield and the support given to the com-
R mander. RAAP offers a theoretical base from which procedures
% for commanding and controlling forces are derived.

It is a new way of thinking about the air operations

and application of air power. The RAAP concept redefines
3 the function of command and control. It harnesses the
power available in information through advanced machine
cafabilitios. ‘The procedures are designed around the

» needs of the commander and his decision processes by
managing and displaying information. The result allows

the commander to take advantage of preplanned actions

-
"
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by

? and exploit the enemy weaknesses.

! This approach to command and control fitas very

§ well with the conclusion that Maj Orr finds in his research

§ of Command, Control, Communications, and Intelligence

‘ (C*I) and combat operations. Here Maj Orr offers a

g definition of command that parallels very well with

£ the RAAP concept of command and control. °‘The stochastic

o nature of combat and the varying degree of actual command

. decision impact on the combat process suggest that the

?‘ primary function of command in combat is managing sources
of potential power in order to be able to exploit

o opportunities as they arise” (Orr, 1983:47).

‘: RAAP finds further support from Maj Orr’'s definition

K of control. He calls for the need of forces to exploit

iE the enemy's weaknesses. ‘A primary function of command

:: is deploying and maneuvering forces or other sources

2 of potential power to be in the best poasgible position

:j to exploit opportunities as they arise. This function

g can be viewed as controlling the power digtribution’

> (Orr, 1983:81).

; RAAP is the vehicle in which these definitions

4 of command and control are realized. By implementing

g the RAAP concept, commanders expect to harness the true

E power of the weapons systems under their command, by

3 using them more effectively (Rothrock and Kline, 1987).

3

ke
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7.40 Experimental Procedure:

The first task was to gain a bagic understanding
of the concept RAAP. The lack of literature made this
a more difficult task than the DSS projects worked on
earlier. However, a point paper, written by Col Rothrock,
and listening to the first lecture pregsentation provided
the initial knowledge base to support the interviews.

Two appointments for interviews were set with Col
Rothrock during his visit to AFIT. The first interview
congisted of a short presentation about concept mapping
and its proposed value to problem definition. The main
goal of the concept mapping exercise was stated as that
of identifying kernels. At that time little was known
of the extent of the research and development for RAAP
nor of any of the researcher'’'s needs. Col Rothrock
participated in the remainder of the session as the
expert. He concentrated on his understanding of RAAP
from a doctrinal view. Much of hii understanding came
from an information processing point of view. At this
point in the development of the technique, it was agsumed
to be a worthwhile way to approach the problem. This
approach changed later in the development and will be
reflected in later maps.

After both interviews and attending both of Col
Rothrock's presentations, several maps were created.

See figures 7-2a through 7-20. Col Rothrock reviewed
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a few of the maps from the intorviéwa and agreed that
they did reflect his understanding of RAAP.

Col Rothrock felt strongly that concept mapping
had significant value. He provided the funds which
enabled a complete set of concept maps to be generated
from all the key experts in the field. This generosity
provided the opportunity for a more explicit definition
of the problem and more concise identification of the
kernels. However the approach with the interviews had
to change slightly. ;

In the interim between the first mapping of Col
Rothrock and the mapping of the other experts, it became
obvious that a complete separation of problem definition
and decision processes had to take place. Defining
a problem with regards to the process does not result
in as explicit a definition for the problem space.
Therefore, when the other RAAP experts were approachod'
they were told that two sessions, of about an hour each,
would be required. The first session would concentrate
on their understanding of the problem, while the second
session would emphasize how they would solve the problem
or make the decision. The interviewing procedure outlined
in chapter 4 was followed. The maps produced from each
expert were labeled as either definition or process
maps depending on the interview's approach. These multiple

maps gave the experiment much more latitude with which
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to work.

With the multiple maps from various experts, the

experiment expanded significantly. Testing some of

the various beliefs about concept mapping could now

be accomplished. There would be multiple maps of several
experts to aggregate into the overall problem definition
and decision process maps. This would show if there

are consigstent repeatable elements that identify as
kernels. These kernels were finally identified by a

process called 'overlaying maps’.

7.50 Findings and Observations:

This discussion is broken into throo separate parts.
The first part is a report of the concept mapping exercise
as it took place with the individual. This portion
identifies the individual's role and expertise, addresses
any changes to the normal experimental procedure, and
finally shows and comments on the individual's concept
map(s)? For some of the interviews, several maps were
created. The multiple maps come from the expert’'s desire
to delve into topic areas in great detail and/or sgseveral
topics. Each map is introduced and key items of interest
are noted.

The second part of this section looks at results

of the aggregation process. All maps created during

this exercise are divided into two groups: problem definition
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or decision process. The key concepta are identified

-

from each area. Thisg list of concepts are the concepta

-

-

that seem to be universally held by the majority of

experts. The identification is the author’s understanding

T -

and perception gained from all the interviewas and readings.
From the definition list an 'aggregated' map is constr-

ucted. The aggregated problem definition map of RAAP

= AP

is the author's percepticn and has not been fully verified

| 9 -

by the experta. Instead, the map is shown as a demonstration

R
e

of the technique to transfer understanding through concept

3 mapping. The aggregated map shows the identification

O

of the key concepts, and the links between concepts
;‘ that create understanding.

The third section reports some of the obgervation

. -
2 S R b )

noted about the concept mapping process. Intereating

facts and findings from the exercise are listed.

A 7.%51 Individual:
Readings:
. The first concept map was created from the point
- paper obtained from Col Rothrock. This map was created
so that the author could gain a better understanding
of the concept RAAP. This preparation is an important

first s%sp in the process of concept mapping (Figure

ataala

7-1).

w'a s & B L=
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Col Rothrock:

Col Rothrock is the commander of INYX on the Air
N Statt, Headquarters, USAF, Pentagon. This office is
o responsible for the development of USAF intelligence
" doctrine. He is one of the initiators of the concept
o) RAAP. His organization is the office of co-responsibility
for the development of RAAP.

A detailed series of concept maps were constructed
o from his two presentations to AFIT classes and the many
.1 interviews with Col Rothrock . Each of these maps are
shown in figures 7-2a through 7-2k. Each of the maps

are individually introduced and commenta provided below.

E Presentations - Figures 7-2a and 7-2b are the concept
[ maps of his presentations to the TACT 4.12 “Strategic
g and Tactical Sciences Seminar® and TACT 7.61 °Command
f and Control® classes.
j Both of the Colonel's maps were created from audio
tape recordings of the presentation as well as class
-E notes and copies of the slides. Both maps are considered
‘% to be independent expressions of the RAAP problem space
: because Col Rothrock approached the pregsentation differently
‘g due to the different make-up cf the audiences. Consequently,
he emphasized different key points of RAAP. These two
; views of the problem space gave maps that had the aame

key concepts but at different levelz of importance.
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This was an excellent example of the ’'rubber sheet’

characteristic of concept maps.

First interview - Figures 7-2c and 7-2d are the two
maps created during the first interview.

The first mapping session began by having Col Rothrock
list the key or universal problem areas addressed by
RAAP. The Oth area, that of event targeting, was further
expanded during the session. The’resulting map is shown
in figure 7-2¢c. The second map was Col Rothrock's view
of the process RAAP would take to make decisions. This
map began to show some of the simple elementa of the
many decision processes. These decision process elements
became more evident in later maps from Col Rothrock

and others.

Second interview - Figures 7-2e¢ through 7-2j are the
maps used and created by the second interview.

The second interview was a smorgasbord of issues
revolving around the concipt RAAP., The firat discussion
started by reviewing a concept map made during the second
presentation as lecture notes (See figure 7-2e¢). The
discussion started by looking at RAAP az a process of
information management. From the view of intelligence
functions, the user is expected to follow a procedural

framework. This framework is called the "by exception
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approach’ which is a management through deduction process.
These concepts were added to the map and is shown in
figure 7-2f{. Further discussions on the management

of rigk and level of command where also discussed and
added.

The interview then evolved into an extensive discussion
on technological evolution and how RAAP would take advantage
of future developments. In response to the dotailo&
information given by Col Rothrock, several detailed
maps were created showing the understanding between
RAAP and other concepts.

The four maps address separate relationships of
RAAP and the following concepts. Figure 7-2g depicts
the colonel’s understanding of a seventh problem area
in RAAP, western advantage. This problem area points
out the lack of the west's ability to take advantage
of their technological advances because of the lack
of conceptual understanding of their application. Figure
7-2h shows how RAAP uses technology. The concept RAAP
is a thought procesa that can be done without any tech-
nological support. An example of using a RAAP-like
approach is the Army’'s Commander’'s Estimate of the Battle-
field. However, RAAP prescribes the need for technological
application when it is available. Figure 7-2i debates
inductive and deductive thinking and how RAAP uses them.

One analogy to understand the difference between inductive
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and deductive thinking is the fable of the seven blind
men and the elephant. Each man inspects his part of
the elephant. He makes hiz identification based on the
part of the elephant he inapects. This is an example
of the inductive process. 1If all the men would compare
their findings and describe the oliphant in terms of
each finding then they would be deducing the actual
description. Finally, figure 7-2j compares current
thinking to the way RAAP wants the user to think.

The second interview continued with discussions
on a variety of issues dealing with the development
and application of RAAP. Some of these issues included:

1) the level of command and control, and 2) the political

factors involved. One of the discussions centered on

the statement, what RAAP is not. Some of these discussions
are depicted in figures 7-2k and 7-21.

After the two interviews and his limited review
of the initial maps, Col Rothrock praised the process
as very helpful for the expert. ‘This is a very good
approach. It forces me to deal with and define the
issues in ways that I probably would not have done on
my own.  (Rothrock, 1987b) Thyl. concept mapping helped
the expert to deal with organizing his understanding
of the concepts. 1f this exercise helps in organizing
the expert’s understanding, then concept mapping captures

his/her best understanding of the concepts at that time.

'
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Third interview - After approximately 10 weeks, Col
Rothrock was interviewed again. The interview started
with the review of the maps shown in figures 7-2a and

b. This interview had several detailed discussions
revolving around misrepresentation from these maps.

Col Rothrock checked the maps for two items. First

he was asked to check the maps for areas of misconceptions
or misrepresentation. This included improper terms

used for concepts and illogical or wrong linkages between
these concepta. He agreed with the basic concepts and
their linkages in both maps.

Col Rothrock was next asked to check the maps for
missing concepts or linkages. He did have some additions
to make to the maps. These additions are shown in figure
7-2m and 7-2n. The last exercise Col Rothrock performed

was an attempt to link all previous maps together. .

The result is shown in figure 7-20.
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Maj Harrison:

P Y

Maj Harrison is an intelligence officer assigned

P to INYX. He has extensive experience in the operational

w s s

intelligence field. His point of view is that of the

PR

)

intelligence user. Two questions drive much of Maj

Harrison's thinking and were brought out in his map:

AR

1) Which intelligence functions will RAAP perform?
2) How will RAAP support the intelligence functions

required in a battle?

Only one formal interview session was available

a8 A LY

due to time constraints. The approach taken with Maj

&

Harrison was the two step approach. The problem definition

was emphasized in the first part of the interview while

) XX FX]

the second part concentrated on the decision process.
S He defined the prodblem space in terms of the process.
This gave the experiment a new twist since one map would
be considered in both definition and process.

Maj Harrison's map i3 shown in figure 7-3. 1If

o n s e 2

one takes the time to read his map, both his understanding

of the concept and the decision process(eas) of RAAP

¢
’
v
Y

come through clearly.
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Col Kline:

Col Kline is the commander of XOXID on the Air
Staff{, Headquarters USAF, Pentagon. XOXID develops
the doctrine that guides the application of tactical
air power for the USAF., He is Col Rothrock's co-initiator
of the RAAP concept. His organization holds primary
responsibility for the development of RAAP.

Unfortunately, due to time constraints, only one
interview was acheduled. Since Col Kline's expertise
is in tactical doctrine, the interview was centered
around his understanding of the RAAP concept. In other
words, the interview sought his definition of the problem.

The map is shown in figure 7-4.
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i Mr John Allen:

? Mr Allen is the expert in Soviet maneuver. He

N is expected to determine the profiles needed to predict

3 the red intent from the functional order of battle and
the events taking place.

; The interviews with Mr Allen followed the standard

i procedureas. The first interview concentrated on his

- understanding of the problem. The second interview

E attempted to capture his understanding of the decision

E processes of RAAP.

) The first map, figure 7-5a, shows his definition

E of RAAP. Figure 7-5b is the map from the second interview

;2 showing the decision processes according to Mr Allen.
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Mr Converse:

Mr Converse was chosen to be an expert because

e of his position as a research manager over the RAAP
2% effort. He is a physical scientist at RADC, Group Leader
"

and Manager of the Advanced Sensor Exploitation Section.
< Again due to time constraints, only one interview
L was scheduled. The interview followed the standard

two part approach of trying to capture the problem definition

\

- and decision process.

; The resulting map is shown in figure 7-6. This
é map is different than any of the previous maps in that
k™.

’; both problem definition and decision process are on

N
3 the same map. This was done to save space and to show

. the level of conceptualization. 1In this interview the
- level of conceptualization was not as detailed as with
- other experts. The map has two halves. The left half
N is Mr Converse's understanding of the problem, or his
N problem definition. The right side is his understanding
; of the decision processes.
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N
Mr Papagni:
10
Mr Papagni is the RAAP program manager for Rome
& Air Development Center (RADC). Currently he is the
k individual responsible for the majority of RAAP research
M
' and research management in the Air Forcaes.
)
L His interviews consisted of both the problem definition
1: and the decision process. The maps constructed from
these two interviews are shown in figures 7-7a and 7-7b.
?
o
¥
(o
Lt Fye:
N Lt Fye is also an engineer that is working on research
,. dealing with tactical sensor fusion of battlefield data.
This type of research is in direct support of the type
'
’i of technological applications that RAAP can exploit.
<
’ Lt Fye's interview centered on his understanding of
~ the RAAP concept. His map is shown in figure 7-8a.
.‘
3
S
:1 Like Mr Papagni, Lt Fye also approcaches the concept
) like an engineer. He sees it as a "God's eye view’
\, collection of data by various sensors that feed into
> data bases and processors. He sees the output as recom-
. mendations and baaic information for the user to consider.
: These comments are expressed in his gsecond map shown
& in figure 7-8b. This map also showa inaight into his
b understanding of the concept RAAP and its processes.
s
.l
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Col Moody Suter (Retired):

Col Suter isg a retired Air Force Officer who is
now a consultant to E-Systems, the prime contractor
for phase I research related to RAAP. He is considered
by the Air Staff as the expert in application of modern
air power against highly maneuverable Soviet ground
forces.

Approximately four hours of interviews were held
with Col Suter. The same approach was used on Col Suter
as on the other experts: to capture first his understanding
of the concept RAAP and secondly the decision processes
a8 he sees them. Col Suter’'s mapa are listed in figures
7~-9a and 7-9b.

Figure 7-9a ia the map showing Col Suter's understanding
of RAAP. He has centered it around the battle commander
and his responsibilities. The second map is very inter-
esting. This map is the process Col Suter sees as the
battle commander's
process and the interface that commander would have
with a RAAP system. It i8 constructed in a time-line
fashion. The center line depicts the progression of
time as a commander interfaces with the decision processes
and decision aids. Thus, the decision processes of
RAAP are captured by looking at the entire decision

processing of the human.
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7.52 Aggregation:

This section’'s main purpose is to summarize the

lessons learned about RAAP. The procedure used is that
outlined in chapter 3 called Overlaying Maps. The results
of this process are described below.

The aggregation process was done twice. The first
effort concentrated on the definition of RAAP. The
key elements of the definition of RAAP are listed in
Table 7-1. From these key concepts, the aggregated
concept map was created to depict this author'’'s definition
of RAAP. This map is shown in Figure 7-10. This map
was created as a demonstration that a transfer of under-
standing did take place between the various experts

and the author.

Information

Way of Thinking
Proaction

Deductive Thinking
Information Technology
Human Judgment

Logic

Decision Making
Decision Aids

Table 7-1. Key Concepts in the Definition of RAAP

The aggregation process was reapplied to the decision
processes of RAAP. Table 7-2 lists the key elements

identified from the RAAP decision process maps as possible
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kernels. These kernels are the areas of present and
future research that will support the development of
RAAP. The main purpose for this list of kernels is

in evaluation of research goals, direction of research
efforts and gaining support from outside agencies.
This list of kernels is not intended to be exhaustive.
It is only a suggestion or starting point for the experts
and key research managers. Hopefully, this list will
confirm some of the experts’ intuitive feelings about
the direction of the on-going research efforts. The
list should also initiate discussion on kernels that
may not have been previously considered or acted upon.

No aggregated map was constructed. An aggregated
map of the deciszion process would not serve any useful
purpose at this time. The reasons for this decision
are based on the main purpose for this paper and the
lack of beneficial use to the experts. It’'s believed
that the experts will gain more from using all the individual
mappings of the decision processes and the list of suggested
kernels. From these resources the individual research
groups can develop their own aggregated maps of the
decision process and identify the key elements based

¢, . on their perceptions. Due to the infancy of the research,
W a broad view of the possible decision approaches is
needed so research efforts are not stifled by single

B views.
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Information Processing
- Collection of Information
s Who or what manages the data collection equipment
and procedures?
= What is the specific information that gets
collected?
s Who or what mechanism selects information
to collect?
s How is the information ranked?
s What are the ‘rules’ for:
1) collecting the information
2) identifying pertinent information
3) ranking the information
4) eliminating the information
- Collation of information
s  What are the “rulesg’ for:
1) combining information
2) establishing meaning to individual
pieces of information
3) not combining information
-~ Fuser
= What are the "rules’ for:
1) drawing meaning from raw and collated
data
2) ranking the fused information
3) presenting fused information (order)
s Where does the information get fused?
(central vs local)
s Who gets fused information?
~ Displays
= How will the data (raw, collated, fused)
be displayed?
= Who will get/control the display?
= How will the Battle CC get the information?
- Data Base Interface
= Who or what controls/maintains/accesses?
= What are the ‘rules’ to control/maintain/access?

Red Inference Engine
= Profiles
s What are the °‘rules’ for:
1) matching current events with past actions?
2) handling the uncertainty?
3) ranking the importance of the predicted
actions?

Table 7-2. Possible Kernels in the RAAP Process
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RED Inference Engine (Continued)
- Data Base of Events
= Who or what will maintain/control/access
this volatile data base?
= How will the CC maintain knowledge of data?
= How will the CC access/display logic for
prediction based on intelligence?
Opportunities Identifier
s Who or what will notify the CC?
= How will the CC be notified?
= Integration of Opportunities/Options/Intelligence,
how will they be displayed/managed/communicated?

BLUE Inference Engine
- Data Base of Actions-to-Take
s Who or what will maintain/control/access
this volatile data base? _
= How will the CC maintain knowledge of data?
= How will the CC access/display logic for
prediction based on intelligence/Predicted
RED action/Resources?
s Integration of Resources and BLUE options?
- Weaponeering
s - Optimization of Force - based on:
1) Weapons available
2) Tactics
3) Target characteristics
4) Survivability

‘What-It°
= Who will control the function?
= What functions will be contained?
1) War Gaming
2) Simulation
3) Other Optimization and Gaming Models
= How will functions interact with the current
information available in the system?
= Display of results?
Who manages/control/access displays?
= How do results from "What-If° integrate with
actual data displays?

Table 7-2. Possible Kernels in the RAAP Process
(Continued)
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7.83 Observations:

The following discussion is a record of various
observations made during the process of preparing the
concept maps on RAAP. All of these observations support

the concept map as a powerful communications tool.

Three observations are made based on the fact that
sach expert brings a different perception of RAAP into
the interviews. Throughout all of the mapping exercises,
one thing became very clear. The experts defined RAAP
in terms of their specific backgrounds and from their
perspective. Experts approach the problem based on
their backgrounds. Col Rothrock looked at it from the
theoretical level of information procos;ing. Mr Papagni,
Mr Converse and Lt Fye centered their discussions around
the process and the hardware. Col Kline's view was
from operation’s need for support in information processing
and the advantage of RAAP in this problem domain. Maj
Harrison's point of view came from the operational intel-
ligence field. He waz very concerned about how RAAP
would interface intelligence with operations and accomplish
the intelligence functions. Mr Allen took a totally
different view by describing RAAP as a planning system
that is mission driven. This makes perfect sense since
Mr Allen is the Soviet expert and deals in-depth with

the mission asszessment portion of RAAP. Finally, Col
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Suter took the approach: °‘If I were the commander, how

would I want the decision aid to support me?" (Suter,

1987) .

Q From these varied perceptions come the first obger-
vation. It recognizes the fact people do have differences,

K but still the series of maps show a high level of conceptual

agreement. This phenomenon demonstrates that a universal

understanding of basic RAAP concepts does exist among

bt the experts.

y The second observation substantiates the basis

s of the overlay process. The many perceptions produced

a variety of maps which emphasize different parts of

i; the RAAP concept, but each expert identified most of

; the same basic concoptsl This made the overlaying of
maps an easy process., When most of the experts agree

¥ on the basic concepts and link them in similar manners,

;s confidence is high that that concept is key.

4 The final observation made from the variety of

; perceptions deals with the transfer of understanding

% to others. Difference in background and development

g of thought patterns do not alter the trangfer of under-

&- standing. Linkages may be different and organization

)

' of the concepts may be radical from map to map but the
0 basic understanding of the concept still comes through.

For example, contrast the maps of Mr Papagni and Col

" Rothrock.
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The strong background of scientist/engineer produces

a set of maps that show the powerful influence of systematic
analysis and process. Especially noteworthy isg the
way Mr Papagni described the process. He has it organized
in his mind as a flow of inputs, data bases, processors,
and outputs. This approach is quite different from
that of Col Rothrock. Yet, the overall concept of RAAP
is the same and many of the linkages reflect similar
understandings. The educational value of both sets
of maps for the novice reader enhances the transfer
of information and eventual understanding.

Finally, one noteworthy incident was observed that
supports the value of the maps as communications tools
and transfers of understanding. After completing the
second interview with Mr Allen, Maj Harrison entered
the room and looked at the map that was still on the
board from the interview. Maj Harrison was able to
quickly read and identify a mistaken concept Mr Allen
had of the Air Tasking Order (ATO). After a few questions
and some explanations, Maj Harrison suggested changes
in the map that would more correctly depict the function
of the ATO in managing assets.

This incident substantiated two propogitions of
the concept mapping technique. First the incident showed

the ease of readability that is inherent in a concept

map. Maj Harrison could easily read and pick out the
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understanding depicted by the map. This action of MAj
Harrison is evidence that a transfer of understanding
took place. Secondly, it showed that two individuals,
having different beliefs about a concept, could quickly
identify and discuss the issue by reviewing the map.
After an agreement is reached, appropriate changes to
the map occur which shows the corrected understanding.
These were just a few of the many observations
made that support the power of concept mapping as a

communications tool.

7.60 Conclusion:

This chapter has recorded the application of concept
mapping to a large problem area. Its goals were to
bring about a transfer of understanding about the basic
concept and to help identify key decision elementas in
the various decision processes. The chapter explained
why RAAP was chosen as the test bed problem area and
gave some background as to why the USAF is very interested
in RAAP. The experimental procedure was outlined and
results reported in detail along with the entire series

of concept maps.

In conclusion, this experiment has shown that concept

mapping can act as an aid to pick out key kernels, help

.enhance understanding between individuals and do these
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things on a variety of conceptual levels.

Recommendations

regarding the results of this experiment are expressed

s

in the final chapter.
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Chapter 8

Results, Recommendations, and Conclusions

8.00 Introduction:

* - - T
- T,

This chapter discusses the overall (findings and
results obtained from applying concept mapping to the
task of problem definition and kernel identification.

Based on these comments, recommendations for (future

Pl i

research with concept mapping is presented for the technique

= 3

development and application. Recommendations are also
presented for the future work yet to be done on RAAP

and where concept mapping may assist.

P A KK

™ 8.10 Findings and Resultis:

o The main objective of this research effort was
to develop a user oriented tool (concept mapping) for
problem definition and kernel identification during
the design phase of a DSS. The second objective was
to develop a procedure for using this tool in the adaptive
design approach. The two sections below record the

. findings and observations f{rom each of these objectives.

8.11 Concept Mapping ags a Tool:

Through the observations made during the many exper-
iments, the findings can be broken down into five separate

areas. First, concept mapping demonstrated its ability
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to transfer un&orstanding between individuals. This
was especially noteworthy where more than one person
was involved in the construction of the DSS or defining
the problem. The fact that concept maps transfer under-
standing is also why they are an excellent teaching
tool in education.
The second (finding is that concept mapg identify
inconsistencies and miszconceptions. If a person is
erratic in hig/her explanation of the problem by using

different concepts and illogical or multiple links,

)
)
;
b
! then these inconsistencies are readily seen in the maps.
y
! The person can then concentrate on the actual meaning
and form the proper understanding. In other words,
the expert stadbilizes the meaning. If in a group setting,
one o0f the members has a misconception about some part
of the problem, it will be seen by the others on the
concept map. The members can then help the individual
attain ¢the correct understanding and eliminate the mis-
conception.

The third and fourth findings are the most important.
Basically, concept mapping works. It is shown in the
many examples presented in this paper that the concept

maps: 1) capture a human’'s understanding of a specific

e

problem space and 2) capture his/her decision process
elements. This process can produce a reasonably complete

degscription of the problem space. It creates both a
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perceived definition of the problem and a list of tasks
and events that make up the individual's perception
of the decision process. Understanding depicted in
these maps is easily transferred to others by ’'negotiating
the meaning’. |

The last {finding is the forum for ’'negotiating

the meaning’' that concept mapping provides to the DSS

design team. Concept mapping provides a forum for discussion

and evaluation. Using the concept maps to capture their
understanding of the problem space and elements of the
decision process gives an easy-to-read format that is
simple to manipulate as perceptions change. The design
team members identify and rank the °‘importance’ of the
elements in the decision process. Once they have the
rankings and initial system requirements, evaluation
criteria can be developed to ensure the design supports

the kernels.

8.12 The PDP as an Integrator:

Three key observations were made from the two exper-
iments using the PDP approach. First, the designers
had an orderly approach to guide them through the analysis
and design phagses of the adaptive design. Each time
they complete a step or an evaluation in the PDP, the
next action was clearly identified. Second, the criteria

for the evaluation of the system requirements were much
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easier to derive. The evaluation had a purpose: the
need to support cognitive processes which were described
by the concept maps. The evaluation also had guidance.
The guidance came from ¢the kernels identified as the
key decision elements that required the support of the
DSS. Thus the criteria derived ensured the system design
supported the cognitive process and was built around
the key kernel(s).

The last observation was the increased confidence
the design team members had on the system requirements.
Using the PDP enhanced the design of the system to support
the cognitive processes of decision making. The concept

mapping tool aided in the identification of the kernels.

The feature charts and storyboards developed the system
requirements based on the kernels identified and the
evaluation kept ¢the design on the right track. All
three steps made for a set of initial system require-
ments that were believed to describe a DSS that really
did support the decision maker.

The examples and personal experience of the author
led to the belief that the Problem Definition Process
is a viable method of developing and maintaining the
system requirements of an evolving DSS. The steps contained
in the three phases of the PDP have produced two interesting
and successful designs and prototypes. The more DSS

designers experiment and work with the order and iteration
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of the steps, the esasier it seems for them to determine

the requirements and alterations needed by the systen.

8.20 Recommendations:

All of the recommendations presented below are
for further research and study. The recommendations
are broken into three categories. The first group looks
at proposals for improving or enhancing the concept
mapping technique. These are mostly nice to have ideas.
They came from the fact that current concept mapping
is a 1lot of paper and pencil work that is tedious and
repetitive. The second group of proposals looks at
further studies that would apply to concept mapping
in different arenas. The third and final group of proposals
suggests ways that the PDP could be enhanced, used,

and evaluated in different ways.

8.21 Technique Enhancements:

There are three areas recommended for future study
that could improve the ability of analysts to perform

the concept mapping technique.

8.211 Harness the power of Automation:

Tools such as the Macintosh with MacDraw need to
be explored as aids to concept mapping. These tools

could be used to initially build the maps in the interview,
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store the maps, make quick changes, (formalize a map

for presentations, and perform 'What-ifs’' with the lihks

E and hierarchial arrangements. A study could also look
31 at the peripherals to the computer, such as: larger
: screens, light pens, multiple colors. Software enhancements
i could include a study on the value of animating the
; conrcept maps. This animation would be the evolution
of the concept map as it was constructed. The study
? would explore the value of the animation in transferring
i and negotiating meaning.
Automating the maps would allow the maps to be
E ‘overlaid’. This would mean matching key concepts from
:3 different experts and physically laying one map over
y the top of the other. With the maps stored in the computer
E the manipulation of conceptas would be trivial. The
o differences in linkages and meanings would be highlighted.
The areaz of agreement would also be highlighted and
E further justify the evaluation of concepts as key kernels
: in the problem.

One {final recommendation (for follow-on study is

to build a portable tutorial program to teach the designers.

A This tutorial should include all of the lessons in Appendices

'y A and B as well as a complete walk-through of the DSS

)

E development with hands on experience. The lesson would
be targeted for the user, 80 he can design his own systems.
Basically, it takes the middleman out of the DSS develop-

g
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ment. This would leave the professional DSS designer

the time for consultations and larger projects.

8.22 Concept Mapping Applications:

There are four areas of study that could be continued
based on the application of concept mapping to problem

definition.

8.221 Apply to more Problems:

Concept mapping needs to be applied to a wider
range of problems. This thesis effort concentrates
on the problem definition for DSS development. Concept
mapping can be applied to any problem domain that requires
the problem solver to define and describe the problom..
However, procedures need to be established and experiments
performed t0 prove that concept mapping can be applied

to any problem domain.

8.222 Concept Mapping and later stages of DSS Development:

Further research is needed in the later stages
of DSS prototype development. What role do concept
mapping, storyboarding, and (feature charts play in the
maturing development stages of a DSS? Does concept

mapping help dampen the volatile effects of major changes

in system requirements?




8.223 Follow up with the RAAP problem:

There are two areas for continued research in RAAP.

First, the {full set of concept maps need to be reviewed
again by the experts and a general consensus established.
After the agreement of terms, descriptions, definition
and process elements, a list of kernels needs to be
developed. This 1list of kernels can then be evaluated
and ranked in order of importance, feasibility, etc.
This action would result in a setting of research goals
and justification for financial and political support.
The second emphasis would be in developing a briefing
tool out of the combined concept map of the problem
definition. This map would become a finely tuned
communication tool for use by the Air Statf and others.
The inherited ability of concept maps to present informa-
tion in an easy-to-absord manner would make the presenta-
tions to novices much more understandable. After all,
concept mapping is an educational tool for negotiating

meaning and transfer understanding.

8.224 Apply CM to the USAF Acquisition System:

Further research is needed ¢to find if a concept
mapping technique is feasible in building a management
scheme. Specifically, can concept mapping be used by

the Air Force Systems Command to manage adaptively designed

systems? What would be the procedure? What evaluation
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criteria would be used to compare the many kernels within

T T A e A & L

a system? What evaluation criteria would be used to

o~
s

compare similar but different systems?

e
-

R

8.23 PDP Enhancements:

-
Prgltey

Almost the exact same recommendations for enhancing

ot
ol -

e -
> .

the concept mapping technique can be said for the enhancement
of +the PDP. Automating the feature chart and storyboard
steps would also aid the designer in the process of
. determining the system requirements. A drawing board,

iy on which s/he could quickly create the feature charts

!
1.'
% and storyboards, modify, rearrange and save them, would
, be a big time saver as well as a big boost to creativity.
- 4 .
e
)
:l
f Evaluation criteria on the human engineering aspects
1
a of the DSS man-machine interface could be built into
:5 the drawing board. A system of this nature could alert
J
t the designer to a variety of faults or recommend a better
§
X
idea. The system might offer some of the following
i information.
"
. 1) The printing is too small to read.
"
y 2) The colors are too difficult to distinguish
ﬂ: 3) The DSS should have an attention-getter.
¥
Ny
i Example: Flashing light - red in color.
:
)
.::
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8.30 Conclusions:

This paper has explored a bdroad range of topics
and issues. Firat, the decision maker's environment
was described. This description showed the world as
a mass of fused communications bombarding the decision
maker constantly. From this onslaught of information,
he must identify that a problem exists and then attempt
to define it in full detail so a DSS, if applicable,
can be developed.

Second, the theoretical foundation was laid for
why concept mapping would work. The way the mind stores
information and the way concept maps capture information
was shown to be consistent. Based on thia fact, meaning
and understanding would be represented much more effectively
than with any other method of capturing knowledge.

The next ¢two presentations were "how-to’'s”. The
concept mapping tool was shown with two self-paced lessons
and helpful hints for interviewing. The PDP was then
introduced and explained step by step. All of these
steps and lessons were designed for two reasong. The
first reason was to establish a standard approach to
the problem of determining the system requirements for
a DSS wusing concept mapping. The second reason was
to teach the reader and future designer a successful
way of designing and building a DSS.

Finally, the paper presented eight months of exercises
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where concept mapping was applied. A broad variety
of problems waa sought out and experiments were run.
The successes, small and large, were all recorded.

Although concept mapping is a simple tool to use,
it s powerful in its ability to define problems and
identify kernels in a problem space. Some further trials
and experimentation with the method of applying the
tool need to be done. But the theoretical foundation
and its current success points to a new approach to

understanding problems.
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STORYBOARD OF A
COMMAND AND CONTROL
DSS

Introduction

This paper contains the storyboards of the DSS for the command and control of
theater nuclear weapons. The storyboards are meant to be the basic displays that a decision
maker would see in a theater command post faced with the decision of when to authorize
the release of theater nuclear weapons. The level of the DM that this storyboard is designed
for is the highest level in the theater (CINCEUR or equivalent). This set of storyboards
would give the commander the "big" picture of the situation, climate, resources,
constraints, and timing required to make the decision to release nuclear weapons. The
storyboards were created by conducting a "problem definition.” First a "concept map" was
done for the problem, then a “task analysis", a feature chart, the storyboards, and finally
the evaluation of the DSS. All of these steps lead to the identification of kemels, two of
which were identified during the "concept mapping” and are highlighted on the concept
map. The next few pages show the results of the "concept mapping" and "feature chart.”

The "problem definition process” is shown below.

Problem Definition
Feature Chart

Flag Concept Task Data Storyboard Eval
Map Analysis Flow

Kerel
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